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T IS a great honor and privilege to speak 

to you today on the occasion of the An- 
nual Oration of the Philadelphia Roentgen 
Ray Society. It is appropriate that this 
year’s oration has been dedicated to the dis- 
tinguished engineer, Mr. H. Clyde Snook. 
Technologic advancement in the field of 
Radiology has never been more rapid than 
in the last few vears. Yet, such progress 
has been possible only with the sound 
physical and engineering foundation which 
men like Clyde Snook laid for Radiology 
during the early period following the dis- 
covery of the x-ray. His tireless efforts to 
develop and build apparatus which had 
practical usefulness to the radiologist 
opened the way for physicians everywhere 
to reap the enormous benefits of the x-ray. 

I am indebted to Mr. Charles Smith and 
to Dr. Richard Chamberlain for much of 
the information I have to tell you about 
Mr. Snook. Dr. Herbert Stauffer has kindly 
given me valuable data as well. 

HOMER CLYDE SNOOK: A HISTORICAL 
SKETCH 

Homer Clyde Snook was born in 1878 in 

Antwerp, Ohio, the son of Wilsoa H. and 


Nancy Jane Snook. After the completion of 
his primary education in the public schools 
of that city, Snook became a student at 
Ohio Wesleyan University and received his 
A.B. degree there in 1g00. At the time 
Réntgen made his discovery of the x-ray, 
Snook was a student of Professor W. G. 
Hormell in the university’s Department of 
Physics. Because both were enormously 
interested in Réntgen’s discovery, they at 
once began experimental work to produce 
x-rays in their laboratory. Following a 
period of several days of intense activity, 
activity which rarely has been paralleled, 
Snook and Hormell were successful in put- 
ting together a system which indeed gen- 
erated x-rays. 

Although Snook taught for a short time 
at Allegheny College after his graduation, 
much of his life was spent in Philadelphia. 
Snook’s decision to move to this city was 
fortuitous for there is little doubt that much 
of his success came as a result of the en- 
vironment provided by this outstanding 
center of Clinical Radiology. Snook not 
only had the opportunity to test his ideas 
with many of the world’s finest radiolo- 
gists, but of even greater importance he 


“From the Department of Radiology, The Johns Hopkins University and Hospital. 
Presenied as the H. Clyde Snook Annual Oration at The Philadelphia Roentgen Ray Society, November 10, 1960. 
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Fic. 1. The Hittorf tube. 


received from these men a scientific stimu- 
lation seldom equaled anywhere. 

The story of Snook is inseparable from 
the story of Radiology during the first two 
decades of this century. The source of the 
x-radiation which Rontgen discovered and 
which Snook soon duplicated in Ohio was 
a tube variously known at different times 
as the Geissler tube, the Plucker tube, the 
Hittorf tube, and the Crookes tube. All 
were essentially the same in basic design 
and were constructed for the study of the 
characteristics of electrical discharges in 
gases. These tubes had a cathode and an 
anode (Fig. 1). The anode, however, was 
in such a position that when the gas was 
ionized within the tube by the presence of a 
high potential across the two electrodes, 
electrons were projected from the cathode 
on the glass at the far end of the tube. The 
electron bombardment of the glass caused 
it to fluoresce with a green color. Although 
these tubes had been used as far back as 
1859 by Plucker, it remained for Réntgen 
to discover that, in addition to green 
fluorescence, x-rays were also produced by 
the electron-glass interaction. Interestingly, 
at the time of Réntgen’s discovery, the at- 
tention of more than one American physicist 
was being directed toward the inexplicable 
fogging of unopened packets of photo- 
graphic plates placed in the neighborhood 
of a Crookes tube. 

Professor Réntgen did not discover the 
x-ray by accident. As related in an anony- 
mous account written for the Snook- 
Roentgen Manufacturing Company of Phil- 
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adelphia in 1916, Sir James Mackenzie 
Davidson told Mr. Snook his recollections 
of an interview with Professor Réntgen jn 
Wirzburg shortly after the discovery of the 
rays. Sir James stated that he asked the 
question, ““What were you doing with the 
Hittorf tube when you made your discoy- 
ery?” “I was looking for invisible rays,” 
replied Roéntgen. “What made you use a 
barium platino-cyanide screen?” “In Ger- 
many we use it to reveal the invisible rays 
of the spectrum, and I thought it a suitable 
substance to detect any invisible rays the 
tube might give off.”” The sudden shining of 
that screen led to one of the greatest 
scientific discoveries of history. 

In the twenty to thirty vears following 
the discovery of the x-ray, Snook played a 
vital role in technologic developments in 
the United States. Although he is known 
for many things, Snook’s greatest contri- 
bution undoubtedly was the so-called inter- 
rupterless x-ray transformer shown in Fig. 
ure 2. For the first dozen years after the 
discovery of the x-ray, roentgenologists and 
physicists employed induction coils (Fig. 3) 
and static machines (Fig. 4) to develop the 
electrical potentials needed to produce 
x-rays. These instruments, however, had 
many disadvantages including the limited 
power which could be delivered to the x- 
ray system. 

It was at this stage of the development 


Fic. 2. The Snook interrupterless x-ray transformer. 
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of x-ray apparatus that Snook, together 
with his colleagues Herbert White and Ed- 
win Kelley, organized the Radioelectric 
Company which a few months later became 
the Roentgen Manufacturing Company. 
Their first office and workshop was a second 
storv back room at 226 Tonic Street, Phila- 
delphia (Fig. 5). These modest quarters, 
which were 1n one of the oldest sections of 
Philadelphia, were destined to be the birth- 
place of Snook’s major contribution — to 
Radiology. 

In endeavoring to find some means to 
prevent the inverse current from passing 
through an x-ray tube, Snook made a 
thorough analysis of the erratic perform- 
ance of the induction coil by taking oscil- 
lographic readings of a coil of the Ruhm- 
kortf tvpe in the Randal Morgan Labora- 
tory of Physics at the University of Penn- 
sylvania. His report, published in Janu- 
ary, 1907, was the first comprehensive study 
of the vagaries of this type of apparatus. 
During his investigations he devised a high- 
tension synchronous spark gap and from 
the oscillographic readings made with this 
apparatus conceived the idea of using recti- 
fied alternating current for exciting the x- 
ray tube. His first step was to replace the 
induction coil with a closed core  trans- 
former, after which he developed the rotat- 
ing rectifying switch which became so 
closely identified with his name. 

The experimental design and early pro- 
duction of the interrupterless transformer 


Fic. 3. The Queen induction coil. 
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lic. 4. A typical static machine used in the genera- 
tion of x-ray tube potentials early in this century. 


was done in the little back room on Ionic 
Street and the first unit for hospital use 
was installed in the Jefferson Hospital in 
Philadelphia in June of 1907. After this time 
there followed a rapid replacement of the 
induction coil with the transformer. In 
1g08 Mr. Snook described his machine in a 
paper given before the International Roent- 
gen Congress in Amsterdam. He also 
visited England and Germany and after 
that time for a number of vears the inter- 
rupterless transformer was manufactured 
widely throughout the world. 

It may be worth recording that one of the 
earliest transformers manufactured by 
Snook was sold to Baetjer at The Johns 
Hopkins Hospital in 1907. Historians of 
this conservative institution in Baltimore 
may someday comment on the fact that 
this equipment was still in operation, car- 
rying a heavy clinical load, as late as 1946. 

Snook played an important role in radio- 
logic developments in Philadelphia. He was 
among the founders of the Philadelphia 
Roentgen Ray Society and was active in 
its affairs until he moved from Philadel- 
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Fic. 5. The birthplace of the interrupterless trans- 
former, 226 Tonic Street, Philadelphia, Penn- 
sylvania. 


phia in 1916. Following his departure trom 
Philadelphia, Snook became Vice-Presi- 


dent of the Victor Electric Company of 


Chicago. From 1g18 to he was a 
member of the engineering staff of the 
Western Electric Company. In 1925 he 
joined the Bell Telephone Laboratories and 
in 1927 he became an independent con- 
engineer. 

Snook was a Fellow of the American 
Institute of Electrical Engineers and of the 
American Physical Society, and a member 
of the American Roentgen Ray Society. He 
was also the recipient of many honors, 


1925 


including the Edward Longstreth Medal of 


the Franklin Institute in 1g1g, the Gold 
Medal of the Radiological 
North America in 1923 and the Gold 
Medal of the American College of Radiol- 
ogy in 1928. He was honored by his alma 
mater in 1926, when he was granted 
degree of Doctor of Science. H. Clyde 
Snook died in Summit, New Jersey, Sep- 
tember 22, 1942. 
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The world owes much to Clyde Snook. 
He brought distinction to his profession, 
Although the march of progress now has 
left Snook and his contemporaries far be- 
hind, we should not forget the contribu. 
tions made by these dedicated men, for 
without them we should not be where we 
are today. 


PRINCIPLES OF SCREEN INTENSIFICATION 


I should like to turn now to the field of 
screen intensification and cinefluorogr: aphy, 
two areas in which Snook undoubtediy 
would have been intensely interested if he 
were still alive. In my discussion of these 
subjects I should like to speak first of screen 
intensification and to refer briefly to a 
number of the fundamental principles upon 
which it is based. Such a discussion is neces. 
sary as a prelude to my comments on 
cinefluorography, since without screen in- 
tensification cinefluorography would have 
little more than theoretic interest to the 
radiologist due to the excessively large 
radiation doses which must be used when 
non-intensified techniques are employed. 

When the useful beam of an x-ray is 
projected through an anatomic or other 
structure, many and some times most of the 
photons which comprise the beam are 
absorbed. A few, however, pass through the 
structure to emerge on the other side. If 
these are allowed to fall on a fluorescent 
screen, some are absorbed and their energy 
is converted into light. 

If all anatomic tissues absorbed x-ray 
photons equally, the number received by 
the fluoroscopic screen would be uniform 
from one portion of the screen to another 
and, hence, the light generated by the 
screen would exhibit no image pattern. If, 
on the other hand, some tissues absorbed 
more x-ray photons than others, the bright- 
ness of the screen would not be constant 
from one point to another but instead would 
vary in accordance with the configurations 
of the anatomic structures through which 
the radiation passes; that is, the screen 
would bear an image pattern. Although 
many tissues absorb x-rays nearly equally, 
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others, because of differences in density 
and/or atomic number do not. Therefore, 
the images of many anatomic components 
may be recorded fluoroscopically and 
roentgenographically. 

From the description of the manner in 
which fluoroscopic images are produced, it 
will be clear that the diagnostic information 
recorded by a fluoroscopic screen is carried 
from patient to screen by the myriads of 
x-ray photons which comprise the x-ray 
beam. Indeed, each transmitted photon 
carries a certain small increment of diagnos- 
tic information and it is the sum of all of 
these bits of data which governs the total 
quantity of diagnostic information recorded 
by the screen at any instant. The amount 
of information provided by a screen can 
never be greater than that carried by the 
photons which impinge upon it. It, of 
course, can be less if such factors as fluoro- 
scopic grain size do not permit efficient 
utilization of the information carried by the 
photons. The point that must be empha- 
sized, however, is that the diagnostic in- 
formation provided by a fluoroscopic screen 
can be no greater than the sum of all of the 
increments of information carried to the 
screen by the photons of the x-ray beam. 
What has been said tor the fluoroscopic 
process is also valid, of course, for roent- 
genography and tor cinefluorography. 

Since each x-ray photon may be as- 
sumed to have associated with it a certain 
amount of diagnostic information, it follows 
that when an x-ray beam of high radiant 
intensity is projected through a patient, the 
detail recorded on a fluoroscopic screen 
will be considerably greater than when a 
beam of low intensity is used. In the first 
instance, there are a great many x-ray pho- 
tons carrying diagnostic information and 
hence the detail of the resultant image is 
relatively good; in the second instance, the 
number of x-ray photons is smaller and 
hence less diagnostic information is avail- 
able and degradation of image quality re- 
sults. That this is true may be easily 
demonstrated if one fluoroscopes a patient 
first with an x-ray tube current of 5 ma. 
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and then with a current of 0.5 ma., all other 
factors being equal in the two situations. 
Kluoroscopic image detail will be observed 
to be substantially greater when the higher 
x-ray tube current is used. 

The foregoing discussion provides a quali- 
tative understanding of the fluoroscopic 
process. For a quantitative evaluation of 
fluoroscopic performance, it is necessary 
that we turn our attention to the quantum 
statistics of physiologic optics. 

It has been shown by physiologic experi- 
ment? that the performance of the eye meas- 
ured in terms of its ability to record visual 
data is largely limited by statistical fluctua- 
tion in the number of light photons reach- 
ing the retina. Although most individuals 
are unaware that such fluctuation exists, it 
nevertheless is present to a greater or lesser 
degree under all viewing conditions and 
ultimately determines the fineness of struc- 
ture that the eye can perceive. Fluctuation 
of course does not constitute the only factor 
which limits visual performance. In diag- 
nostic radiology, such factors as the diam- 
eters of the retinal rods and cones and a 
large number of physical factors associated 
with the x-ray equipment and recording 
media also introduce limitations. However, 
these factors only contract the limits al- 
ready set by statistical theory and hence 
are of secondary importance in a discussion 
where the fundamentals of data recording 
are under examination. 

In general, the statistical fluctuation in 
light intensity which occurs at the retina 
of one’s eye is proportional to the square 
root of the average number of photons pro- 
jected on the retina within the storage time 
of the eve (about 0.2 second). For ex- 
ample, if the eye is observing an object 
1 mm. in diameter at a viewing distance of 
20 cm., the number of photons reaching the 
retina from the object during each 0.2 sec- 
ond will be of the order of one million at 
normal levels of illumination. Therefore, 
the average fluctuation in light intensity at 
the retina from moment to moment will be 
approximately the square root of one mil- 
lion; that is, the fluctuation will be of the 
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order of +1,000 photons or about +0.1 per 
cent of the average light intensity. Now, if 
the illumination of the object is reduced to 
levels comparable to those occurring at 
fluoroscopy, the effective number of pho- 
tons reaching the retina within 0.2 second 
may be as small as 100. Accordingly, such 
a number will have an associated average 
fluctuation of +10 photons or +10 per cent 
of the average light intensity. Hence, when 
the illumination of an object is reduced, 
the per cent fluctuation in the rate at which 
photons arrive at the retina increases. 

The effect of this fluctuation will be evi- 
dent if one considers the situation which 
occurs when the 1 mm. object under ob- 
servation is surrounded by a field whose 
average illumination is § per cent greater 
than that of the object; that is, the con- 
trast between the object and the surround- 
ing field is 5 per cent. Under such a condi- 
tion, if the object is observed under normal 
illumination, where the fluctuation in 
brightness from moment to moment is +0.1 
per cent, the fluctuation will not interfere 
noticeably with the perception of the ob- 
ject. On the other hand, if the illumination 
of the object is at a level corresponding to 
that occurring in fluoroscopy where the 
fluctuation is of the order of +10 per cent, 
the object may at one moment appear 
darker and at the next moment lighter 
than the surrounding field. Obviously, 
such variation will interfere markedly with 
the perception of the object and will create 
considerable confusion in the mind of the 
observer. 

The magnitude of the statistical fluctua- 
tion which occurs from moment to moment 
in the number of photons received by the 
eve of an observer during fluoroscopy and 
the extent to which such fluctuations 
quantitatively affect image perception have 
been the subject of exhaustive study.’ It 
has been found that the magnitude of the 
fluctuation is largely governed by that 
stage of the fluoroscopic process where the 


photon intensity (7.e., the number of 


photons per unit area per second) falls to 
its lowest level and that the limits set by 
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this fluctuation on the size of the smallest 
image which an observer can detect jg 
given by the formula: 


5 
(1) 
C(nt)!? 


where d is the diameter of the smallest per- 
ceptible image in millimeters, C is the per 
cent contrast of the image, ¢ is the storage 
time of the eye in fluoroscopy or the ex. 
posure time of the film in cinefluorography 
and » is the number of photons per second 
emerging from each square millimeter of 
the image during that stage of the fluoro- 
scopic or cinefluorographic process when 
the photon intensity falls to its lowest level, 

Figure 6 is a graphic presentation of the 
photon intensities which exist during the 
several stages of the fluoroscopic process, 
Stage 1 is a plot of the x-ray photon in- 
tensity prior to the beam’s absorption by 
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Fic. 6. Quantum diagram of the conventional fluoro- 
scopic process during the examination’of: A, the 
anteroposterior chest; B, the anteroposterior ab- 
domen; and C, the lateral lumbar spine. 
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the patient under examination. The data 
are for a fluoroscope operating at 90 kvp., 
and 3 ma., with 3 mm. of aluminum filtra- 
tion and a tube-screen distance of 27 inches. 
Stage 2 plots the photon intensity after the 
beam’s absorption by A, a typical adult 
anteroposterior chest projection; B, a 
typical adult anteroposterior abdomen pro- 
jection and C, a typical adult lateral lum- 
bar spine projection. Stage 3 is a plot of 
the photon intensity absorbed by the 
fluoroscopic screen; Stage 4, the light 
photon intensity emitted by the screen; 
Stage 5, the number of light photons per 
second emitted by 1 sq. mm. of screen sur- 
face and admitted by the pupil of the eye 
when the viewing distance is 20 cm.; and 
Stage 6, the number of these photons 
which, after admission to the eye, stimulate 
the retina. 

It will be observed that the stage at 
which the number of photons per square 
millimeter per second reaches its lowest 
level is Stage 6, the stage at which photons 
are admitted to and stimulate the retina. 
When the data for Stage 6 are substituted 
in equation (1), the minimum perceptible 
images which can be seen at various levels 
of contrast for the three fluoroscopic pro- 
jections under consideration may be easily 
calculated. The results of such calculations 
are shown in the dotted curves of Figure 7. 
The solid curves represent measured values 
of visual performance made on normal sub- 
jects. The ability of quantum statistics to 
describe the performance characteristics of 
the eve is apparent. 

It will be observed from a perusal of 
Figure 6 that, if a screen intensifier with a 
photon intensification of 40 or more times 
were introduced between Stage 4 and Stage 
5 of the fluoroscopic process, the stage at 
which the photon intensity reaches its low- 
est level would no longer be Stage 6 but 
instead would be that at which x-ray pho- 
tons are absorbed by the fluoroscopic screen 
(i.e. Stage 3). Under these circumstances, 
the quantum diagram for the antero- 
posterior chest projection would be that 
shown in the solid curve of Figure 8. Again, 
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I‘'ic. 7. Relationship existing between the diameter of 
the minimum perceptible image and image con- 
trast during: A, anteroposterior chest fluoroscopy; 
B, anteroposterior abdominal fluoroscopy; and C, 
lateral lumbar spine fluoroscopy. Dotted curves 
represent values calculated from quantum statis- 
tics. Solid curves represent measured values of 
visual performance in normal subjects. 
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Fic. 8. Quantum diagram of the fluoroscopic 
processes when aided by screen intensification. 
Solid curve indicates data for a viewing distance 
equivalent to 20 cm. Dotted curve indicates data 
when viewing distance is equivalent to 100 cm. 
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Fic. 9. X-ray screen intensifier of 
image amplifier type. 


the data assume a viewing distance of 20 
cm. It will be seen that, with the screen 
intensifier, the lowest level to which the 
quantum diagram descends is considerably 
higher than that when an intensifier is not 
employed. A considerable improvement 
may therefore be expected in the fineness 
of structure which may be perceived when 
such a device is used. Indeed, from Figure 
8 and equation (1), the improvement should 
be of the order of 6 diameters. 


IMAGE AMPLIFIERS 


The most widely used type of screen in- 
tensifier is the electronic image tube or im- 
age amplifier,'? an instrument which is 
shown schematically in Figure 9. This de- 
vice consists of an evacuated glass envelope, 
at one end of which is an x-ray fluorescent 
screen located so as to intercept the x-ray 
photons emerging from the structure under 
examination; it is similar to the screens 
used in conventional fluoroscopy. A thin 
photoelectric layer is mounted on the 
screen’s internal surface. 

At the other end of the tube is a 
second fluorescent surface, whose diameter 
usually is only a small fraction of that of 
the first. This surface serves as a viewing 
screen and is backed with a thin aluminum 
layer to prevent its light from reaching the 
photoelectric surface at the other end of the 
tube. Between the two ends of the tube are 
placed a number of cylindrical electrodes 
which serve as electron lenses when suit- 
able potentials are applied to them. Such 
an intensifier operates in the following man- 
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ner: radiation from a conventional x-ray 
tube isYprojected through the structure 
under examination and is allowed to im. 
pinge on the tube’s input fluorescent screen, 
In response to the light generated by this 
screen, the photoelectric layer emits elec. 
trons having a spatial distribution propor. 
tional to the brightness of the screen; that 
is, the fluorescent screen converts the x-ray 
image into a light image whereupon the 
photoelectric layer creates a corresponding 
electron image. Electrons from the photo- 
electric layer are accelerated through the 
length of the tube under the influence 
of the electrical potentials applied to the 
cylindrical electrodes and fall on the view- 
ing screen at the tube’s distant end. The 
impingement of electrons on this screen 
produces a visible image which duplicates 
the pattern of the x-ray fluorescent screen. 
However, due to the acceleration of the 
electrons within the tube, the brightness of 
the viewing screen is many times greater 
than that of the x-ray screen. The bright- 
ness is further enhanced by the fact that 
the size of the former is small compared to 
that of the latter. The observer views the 
intensified image by means of an evepiece 
or other optical system to bring the image 
back to normal perspective. In most screen 
intensifiers of the electron image type, the 
intensification ranges from ‘500 to 3,000 
times. Of this, however, from 30 to 100 
times is the result of the minification of the 
image. Only 25 to s0 times is due to an 
actual increase in the number of light pho- 
tons. 

The improvement in fluoroscopic vision 
obtainable with intensifiers of the image 
amplifier type approaches the theoretic 
levels predicted by the data of Figure 8 if 
a viewing distance is used in which the 
visual field subtends the same angle to the 
eve as that when a conventional fluoro- 
scope is viewed at a distance of 20 cm. Un- 
fortunately, however, image amplifiers to 
be clinically practical require that the 
optical system place the viewer at an 
equivalent position substantially greater 
than 20 cm. from the screen. Indeed, 
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equivalent viewing distances in excess of 
1 m. must be employed. Under these 
circumstances, the number of light photons 
admitted to the eye is substantially re- 
duced; the performance of the intensifier is 
therefore degraded, and the quantum dia- 
gram of the fluoroscopic process assumes 
the pattern shown by the dotted curve in 
Figure 8. It will be seen that in this case 
the stage of the fluoroscopic process at 
which the number of photons per unit area 
per second reaches its lowest level is that at 
which photons are admitted to and stimu- 
late the retina. Also, the quantitative level 
of this stage is not much greater than that 
of the similar stage in conventional fluoros- 
copy. Hence, image amplifiers when viewed 
with currently available optics do not yield 
a clarity which is much improved over that 
of conventional fluoroscopy. Of course there 
is a great advantage to screen intensifica- 
tion in its elimination of the need for dark 
adaptation. However, the full potential of 
screen intensification from the standpoint 
of its resolution or clarity has not been 
achieved. 

Some improvement in the performance 
of image amplifiers has been made through 
their combination with television systems. 
With these systems the viewing conditions 
may be made sufficiently more satisfactory 
so that the resolution often is increased by 
a factor of 2. The contrast enhancement 
provided by television systems also im- 
proves the performance of screen intensi- 
fiers at low contrast levels. 


SOLID STATE AMPLIFIERS 


Although the image tube is, by all odds, 
the most widely used type of screen in- 
tensifier at the present time, several other 
varieties have been proposed. Some of these 
are not likely to find wide application, 
principally because they do little to increase 
the efficiency with which x-ray photons 
are utilized. One svstem,? however, which 
exhibits some promise is that shown in 
Figure 10. The system consists of two prin- 
cipal elements: a photoconductive layer 
which intercepts the x-ray photons coming 
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lic. 10. Solid state screen intensifier. 


from the structure under examination and 
an electroluminescent layer which emits 
light when it is placed in an alternating 
electric field. The two layers are separated 
by a thin film of opaque material of high 
electrical resistance. Also, a thin plate of 
conducting glass and a thin sheet of elec- 
trically conductive material such as alumi- 
num are applied to the free surfaces of the 
electroluminescent and photoconductive 
lavers, respectively. When the system is ex- 
posed to x-rays and a sinusoidal potential 
is applied to the aluminum and_ glass 
electrodes, a fluoroscent image of the struc- 
ture under examination appears on the 
screen. 

The principles of operation are as follows: 
When x-rays are absorbed by the photo- 
conductive layer, the laver’s electrical re- 
sistance decreases and hence a greater 
fraction of the potential which prevails be- 
tween the aluminum and glass electrodes 
appears across the electroluminescent layer. 
As a result, this layer emits light which 
may be seen by the observer through the 
glass electrode. Since the resistance of the 
photoconductive layer varies from place to 
place in accordance with the radiant inten- 
sity of the various x-ray images impressed 
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upon it, the electroluminescent layer will 
exhibit a series of images which conform 
to the x-ray pattern. 

Many variations of the photoconductive, 
electroluminescent panel have been pro- 
posed and experimental models constructed. 
Although such panels are capable of pro- 
ducing light outputs which are several 
times those of conventional fluoroscopic 
screens, their response is unfortunately so 
slow that they are almost useless as fluoro- 
scopic devices. Images smear badly when 
any motion is present. It appears that this 
characteristic is due to the rather poor mo- 
bility of the charges within the photocon- 
ductive and electroluminescent layers. Al- 
though it may be anticipated that this 
problem will eventually be overcome, this 
type of screen intensifier is not yet suitable 
for fluoroscopic work. 


CINEFLUOROGRAPHY 


As indicated earlier, screen intensifiers of 
the image amplifier type are proving of 
great value in cinefluorography. Indeed, 
without such instruments practical cine- 
fluorography would not be possible because 
of the excessive radiation doses required 
when conventional fluoroscopic screens are 
photographed. The gains in illumination 
made possible by screen intensifiers have 
changed this situation entirely. In fact, 
when an electron image tube is used with a 
television system to increase the intensifi- 
cation still further, it is possible to make 
X-ray motion pictures with the use of no 
more radiation than that employed in 
fluoroscopy, even during the cinefluorog- 
raphy of dense abdominal structures. 

In recent years, considerable controversy 
has arisen concerning the techniques best 
adapted for cinefluorography. Should one 
record directly from the image tube? Does 
recording from a television monitor pro- 
vide the greatest number of advantages? 
Should one use 16 mm. film or 35 mm. film? 
There are many advocates of each tech- 
nique, each group being certain that its 
method of operation is the preferable one. 
It is not surprising, then, that often those 
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who plan to enter the field of cinefluorog. 
raphy become confused by the various 
claims and counterclaims. Unfortunately, 
most of the tenaciously held opinions are 
based upon limited experience where critical 
comparative experiments have not been 
carried out. 

In spite of the confusion which exists 
within the field of cinefluorographic tech. 
nology, experimental data are now at hand 
which substantially clarify the picture, 
These data show that, although the type of 
motion picture equipment employed in 
cinefluorography has some influence upon 
the clarity of reproduction, another factor 
is of more fundamental importance. This 
factor is the exposure dose rate applied to 
the patient during cinefluorography. Re- 
gardless of the equipment used, if the ex- 
posure dose rate is low, image quality will 
be poor. When the exposure dose rate is in- 
creased, image quality improves. The rea- 
son for this is well illustrated in the quan- 
tum diagram in Figure 11 where the photon 
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Fic. 11. Quantum diagram of the cinefluorographic 
process Data apply to a typical anteroposterior 
chest examination performed with a g inch image 
amplifier with an intensification of 3,000. Curve 
A, 16 mm. film and f/1.5 camera lens; curve B, 
16 mm. film and f/1.0 lens; and curve C, 35 mm. 
film and f/1.5 lens. 
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intensity prevailing at the various stages of 
the cinefluorographic process is plotted for 
a typical anteroposterior chest cinefluoro- 
graphic examination when a 9 inch image 
amplifier, having an intensification of 3,000, 
is employed. Stage 1 indicates the x-ray 
photon intensity (7.e., the number of x-ray 
photons per square millimeter per second) 
prior to the absorption of the beam by the 
patient when the x-ray machine is operating 
at go kvp. and 10 ma. with 3 mm. aluminum 
filtration, a tube-screen distance of 27 
inches and a cinefluorographic frame rate 
of 60 frames per second. Stage 2 indicates 
the photon intensity after absorption of the 
beam by the chest; Stage 3, the photon 
intensity absorbed by the input screen of 
the image amplifier; Stage 4, the number of 
light photons generated at the output 
screen by the photon intensity of Stage 3; 
Stage 5, the number of light photons ad- 
mitted to the film by the optical system of 
the cinefluorographic camera by the photon 
intensity of Stage 3; and Stage 6, the 
number of photographic grains produced in 
the developed motion picture film by the 
photon intensity of Stage 3. Curve A repre- 
sents conditions for 16 mm. cinefluorog- 
raphy in which an f/1.§ camera lens is 
employed. Curve B is for the same circum- 
stances as Curve A except that an f/1.0 
optical system is used. Curve C is for 35 
mm. cinefluorography with an f/1.5 optical 
system. 

It will be observed that in all cases, the 
stage at which the number of x-ray photons 
per unit area per second reaches its lowest 
level is the stage at which x-ray photons 
are absorbed by the intensifier (Stage 3) and 
not the stage at which x-ray images are 
recorded on motion picture film. Conse- 
quently, from quantum statistics, cine- 
fluorographic detail under the conditions 
set forth in Figure 11 is not dependent on 
the type of film used but on the exposure 
dose rate prevailing at the input screen of 
the intensification system. 

From a perusal of Figure 11, it will be 
apparent that, if the intensification of the 
Image amplifier becomes less and/or the 
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f /number of the camera lens is made greater, 
the performance of the cinefluorographic 
process ultimately deteriorates and_ be- 
comes a function of the size of the recording 
film, since under these circumstances the 
stage of lowest photon intensity shifts to 
that at which film recording takes place. 
The deterioration first affects 16 mm. re- 
cording and for a given lens aperture is 
greater for 16 mm. film than for 35 mm. 
materials. However, as stated in foregoing 
paragraphs, when the lowest level of photon 
intensity occurs at the stage when the im- 
age amplifier’s input screen absorbs x-rays, 
the type of film has very little to do with 
image quality. The circumstances under 
which this condition Is satisfied is expressed 
by the formula: 


——>1 (2) 


where ¢ is the number of light photons 
emitted by the input screen of the image 
amplifier per x-ray photon absorbed, a is 
the intensification factor of the image 
amplifier, T is the fractional transmission 
of the optical system, / is the effective 
f/number of the optical system, m is the 
minification of the cinefluorographic image 
in respect to the image appearing on the 
input phosphor of the amplifier, and F is 
the fractional efficiency of the photo- 
graphic emulsion. Typical values for T, c, 
and F are 0.4, 2,000 and .006, respectively. 
The equation therefore reduces to: 


a 
— > I (2a) 
mf? 
Values of m for 5 and 9 inch amplifiers and 
for 16 and 35 mm. film are given in Table 1. 

Equation (2) is of fundamental impor- 
tance in cinefluorographic design. It indi- 
cates when a 35 mm. camera is to be pre- 
ferred to a 16 mm. unit; more important, 
it permits one to determine the conditions 
under which maximum image quality may 
be determined regardless of film size. For 
example, if one wishes to record from a g 
inch intensifier with a 16 mm. camera under 
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TABLE I 


MINIFICATION VALUES FOR 16 MM. AND 35 MM. 
CINEFLUOROGRAPHY MADE FROM § and g 
INCH IMAGE AMPLIFIERS 


Image Amplifier 


Film 
§ inch g inch 
16 mm. 17 30 
35 mm. rj 12.5 


conditions when image quality will not 
deteriorate because of film size, equation 
(2) indicates that a lens having an aper- 
ture approaching f/1.0 must be used. 

Equation (2) is also valid for cinefluoro- 
graphic systems in which the recording 1s 
taken from a television monitor. Because 
of the higher intensification values these 
systems provide, one may employ rela- 
tively large f/numbers in the camera 
optics and still obtain maximal results 
with 16 mm. film. Indeed, the intensifica- 
tion factors are typically so large that 35 
mm. film is quite unnecessary in this ser- 
vice. 

The importance of the exposure dose rate 
prevailing at the input screen of the image 
amplifier in determining the quality of the 
cinefluorographic film is well shown in a 
practical manner in Figure 12. These films 
were made with a motion picture camera 
recording the information provided by an 
image amplifier equipped with an image 
orthicon television system. Frame A illus- 
trates a view of the television monitor with 
an exposure dose rate at the input screen 
of the image intensifier of 500 ur per frame 
(the exposure dose per frame prevailing 
during cinefluorography of the chest with 
the motion picture camera operating at 60 
frames per second and the x-ray equip- 
ment operating at go kvp. and Io ma., 
with 3 mm. aluminum filter and a 27 inch 


creasing screen brightness with decreasing ex- 
posure dose rate from frame to frame was provided 
by an increase in aperture of the lens between the 
image tube and image orthicon. 
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lic. 12. Demonstration of the ettect of exposure dose 
rate on cinefluorographic quality. Films were 
made from the television monitor of an intensifier 
consisting of a g inch image amplifier and an image 
orthicon§ television system. Irame single 
cinefluorogram with x-ray beam turned on at ex- 
posure dose rate of 500 wr per frame; frames B and 
C, same as frame A but with exposure dose rates of 
so and § ur per frame, respectively. Objects being 
roentgenographed were, on the left, a lucite plate 
with holes of varying size and contrast and, on the 
right, a flashlight. Note frank deterioration of 
image quality with decreasing exposure dose rate. 
Same cinefluorographic film, lens, and frame rate 
were used for all pictures. Compensation for de- 
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tube-intensifier distance). Frame B is the 
same as A but with the exposure dose rate 
per frame reduced to $0 wr. Frame C is the 
same as A but with an exposure dose rate 
per frame of only § wr. Although all films 
were made with the same motion picture 
film and with the television equipment per- 
forming under identical conditions, the in- 
fluence of exposure dose rate on image 
quality is obvious. As the exposure dose 
rate decreases, the graininess visible in the 
picture becomes greater and the detail 
diminishes. 

Since exposure dose rate values play a 
primary role in the determination of cine- 
fluorographic quality, the question arises 
as to what cinefluorographic technique is 
best to employ under most circumstances. 
Usually, the convenience of 16 mm. film 
makes this material preferable to 35 mm. 
film, particularly if one has available in- 
tensification and optical systems adequate 
to make image quality independent of film 
size. In the case where motion picture films 
are recorded from a television monitor, 
there is no advantage in the larger film. 

The choice between direct and television 
recording is more difficult. The maximum 
resolution of a g inch image intensifier is 
of the order of 0.25 mm.; that of an image 
amplifier equipped with an image orthicon 
television system is approximately 0.4 mm. 
Hence, direct recording produces some- 
what greater detail at high exposure dose 
rates and with images of high contrast. 
Also, television recording is limited to frame 
rates of 30 frames per second and lower 
unless special equipment is used. Hence, 
this technique will usually’ not be suitable 
for many cardiac examinations where frame 
rates of 60 frames and over are desired. On 
the other hand, if a frame rate of 30 frames 
per second is adequate, television recording 
has many advantages. One of these is the 
increased intensification provided by tele- 
vision systems. As a_ result, abdominal 
cinefluorography of adults may per- 
formed without excessive exposure dose 
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rates. Another advantage is one’s ability to 
change at will the intensification factor of 
a cinefluorographic system to meet the 
resolution requirements of the procedures 
to be recorded. The television method also 
has the advantage that it dissociates fluoro- 
scopic and cinefluorographic operations. 
Hence, fluoroscopy can be conducted jointly 
with cinefluorography without one’s hav- 
ing to discontinue one technique and start 
the other. This is particularly worthwhile 
in cinefluorography of rapidly changing 
events, such as those which occur in the 
pharynx during swallowing. 

With the experience gained by many 
workers over the past few years, it is 
reasonably certain that cinefluography will 
play an ever increasing role in the field of 
diagnostic radiology. Even such techniques 
as myelography can be recorded by the 
cinefluorographic camera without excessive 
exposure of the patient. It is confidently 
anticipated that the next ten years will 
bring many advances in the diagnosis of 
disease by cinefluorography. Instruments 
capable of approaching the ideal in terms of 
performance are available. Their breadth 
of application only awaits the time needed 
to fully explore their potential. 


Department of Radiology 
The Johns Hopkins Hospital 
Baltimore 5, Maryland 
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NORMAL ROENTGENOGRAPHIC ANATOMY OF THE 
HUMAN CIRCLE OF WILLIS* 


By ROBERT A. KUHN 


MORRISTOWN, NEW JERSEY 


OENTGENOGRAPHIC studies of the 
arterial system of the human brain are 
common. Methods of cerebral angiography 
in current use under normal circumstances 
opacity only isolated portions of the intra- 
cranial circulation. Usually, the posterior 
segment or the homolateral half of the 
anterior segment of the circle of Willis is 
visualized. Under these circumstances ana- 
tomic relationships of this important vas- 
cular complex must be inferred from a 
number of different angiographic studies. 
Such conditions make it exceedingly dif- 
ficult to form valid estimates of normal 
anatomy in the circle of Willis or to judge 
the effects of health or disease upon it. Yet 
this arterial interchange is the structural 
distribution system which monitors re- 
gional cerebral arterial flow—and it is pre- 
cisely in the field of disturbed regional flow 
that cerebrovascular disease exerts its ef- 
fects. A reliable method of cerebral angiog- 
raphy which would produce simultaneous 
physiologic opacification of several or all 
anatomic parts of the circle of Willis might 
be expected to throw considerable light on 
normal hemodynamics in this little under- 
stood complex, and aid in evaluation of the 
effects upon cerebral circulation of disease 
or developmental deviation. 
Once the feasibility had been established 


of routinely filling the drainage systems of 


carotid and vertebral arteries by retro- 
grade brachial injection,? the submento- 
vertical projection was added to the stand- 
ard anteroposterior and lateral series for 
more complete angiographic survey of each 
patient. It was immediately discovered 


that in this view components of the circle of 


Willis in part, or in their entirety, were 
visualized with considerable clarity. The 
attainment of this objective has been re- 
ported elsewhere.’ It is the purpose of the 


present communication to describe normal 

vascular patterns of the human circle of 
Willis which can be demonstrated following 
retrograde injection of the brachial artery, 
and to discuss certain functional implica. 
tions that presented themselves during the 
course of these studies. 


METHOD 


Brachial cerebral angiography is_ best 
performed under local anesthesia.’ Whereas 
percutaneous puncture techniques in the 
cervical region frequently produce un- 
avoidable distress to patient and angiog- 
rapher, brachial arteriotomy is easily ac- 
complished in comfort. In the past, the 
problem posed by a frightened, struggling 
patient during percutaneous puncture of 
the carotid, vertebral or subclavian artery 
constituted a positive indication to some 
physicians for use of general anesthesia as 
a routine measure. Yet purposetul induc- 
tion of unconsciousness in a patient with 
cerebral dysfunction of unknown cause is a 
hazard better avoided. Patients are much 
less averse to a small incision in the arm 
than to insertion of a needle in their neck. 
It is of interest that when brachial angiog- 
raphy is performed in a patient who had 
previously undergone percutaneous injec- 
tion, reaction to the two procedures in- 
variably is favorable to surgical approach 
in the arm. 

A number of advantages is a_conse- 
quence of the site of arterial cannulation. 
The patient is able to move about freely 
during the procedure; positioning of the 
head and neck with precision is a relatively 
simple maneuver; and injection of opaque 
medium produces discomfort mainly in the 
arm and shoulder where it is better tol- 
erated than in the head. Still other im- 
portant benefits include 


* This work was supported in part by a grant from the Tobacco Industry Research Committee. 
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trauma to major arteries of the cerebro- 
yascular tree; circulation of opaque me- 
dium under conditions similar to physio. 
logic flow of blood; and opacification of two- 
thirds or more of the cerebral circulation 
subsequent to each injection. 

Retrograde brachial injection is carried 
out in a room especially equipped for such 
studies. Surgical technique is uncom- 
plicated. The right upper limb is abducted 
in slight flexion at the elbow; surgical 
solutions are painted on the shaved upper 
inner arm; linear infiltration of a local 
anesthetic is carried out in skin overlying 
the bicipital groove; a 3 cm. incision is 
made, subcutaneous tissues are retracted 
and the neurovascular bundle is identified; 
then the brachial artery is isolated and 
lifted on rubber tapes. The artery is incised 
and a special twelve-gauge cannula* is in- 
serted and anchored in place. 

Positioning for the submentovertical 
view presents no difficulties. Usually these 
roentgenograms are obtained after comple- 
tion of the anteroposterior and lateral se- 
quences. The patient lies supine with his 
shoulders extending slightly beyond the 
head end of the stretcher-table. The latter 
is slowly pumped up until the vertex of the 
hyperextending head barely contacts the 
surface of the film-changer (Reed’s base 
line parallel to the table). This position 1s 
surprisingly comfortable for most patients, 
and frequently easier to attain in the 
elderly than even moderate degrees of head 
flexion. The tube is adjusted so that the 10 
cm. protective cylinder is inclined at an 
acute angle. The mandible of the patient is 
hyperextended to move it out of the way 
and the head is immobilized between 
plastic sponges. Ideally the mandible will 
then form the boundary along the upper 
edge of the exposed film sequence. 

The time-setting sequence ordinarily is 
two films during the first second, then three 
films each second for the next several sec- 
onds. Delay roentgenograms are not ob- 
tained in the average patient since capillary 


_* Manufactured by Becton-Dickinson Company, Inc., Ruther- 
tord, New Jersey. 
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and venous phases of cerebral circulation in 
submentovertical projection have not been 
found to be particularly informative. 


DISCUSSION 


Roentgenographic studies of the human 
circle of Willis have awaited a method 
which would provide successful opacifica- 
tion of anterior and posterior segments of 
this artery-complex while conditions of flow 
were maintained as nearly normal as pos- 
sible. Retrograde cerebral angiography is 
considered by the author to fulfill for the 
human, the criteria laid down by McDon- 
ald and Potter® in their experimental inves- 
tigation of cerebral circulation in the rabbit 

-avoidance of occlusion of the arterial 
lumen and lack of induced pressure changes 
in the system being investigated. After ret- 
rograde injection in the right brachial ar- 
tery of man, the bolus of hypaque which 
reaches the subclavian-innominate lumina 
equilibrates with arterial pressure in a frac- 
tion of a second. Blood pressures measured 
on the opposite arm during and subsequent 
to injection have not been found to vary 
significantly. It is most likely, therefore, 
that following pressure equilibration in 
thoracic vessels the contrast medium is 
circulated through the carotid and verte- 
bral systems under hemodynamic condi- 
tions normal for the individuals under in- 
vestigation. Vascular pathways which be- 
come visible subsequent to injection in this 
fashion are believed to be those through 
which blood circulates in a physiologic set- 
ting. 

It is not uncommon after retrograde 
right brachial injection to see in the initial 
high speed roentgenograms an advance 
column of diluted opaque medium stream- 
ing along the walls of carotid or vertebral 
arteries. The vessels have not yet been 
Hooded with contrast solution. The central 
core of each artery remains for an instant 
translucent, testifying to higher speeds and 
greater dilutions in this region. During 
these transient phases, a hint can occasion- 
ally be gained of hemodynamics, for with 
incomplete opacification swirling and 


spiralling become visible, or laminar flow 
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at the head of the column can be seen to be 
interrupted by sudden turbulence. These 
features vanish with arrival of the main 
body of opaque medium, although they 
sometimes reappear intracranially when 
concentrated contrast solution in the ver- 
tebral artery meets a diluting stream at the 
basilar artery. 

When the 50 per cent hypaque solution is 
undiluted by blood, limits of vessel size for 
visibility are surprisingly small. It is not 
infrequent that terminal branches of small 
arterioles (200—300 yw) are sharply opacified. 
Peculiarities of vessel structure, branching, 
and progressive filling are easily determined 
by examining consecutive roentgenograms, 
and artifacts due to positioning or contus- 
ing bone detail can usually be readily 
distinguished. 

Filling and emptying of the human circle 
of Willis with contrast medium occur quite 
rapidly in the normal individual. A com- 
plete cycle through the anterior segment 
often takes place in less than two seconds. 
The speed of film changing is therefore 
greater for submentovertical projection so 
as to obtain a clear sequence of fluid flow 
through the system. 

Velocity of blood flow is proportioned to 
the size of vessel through which it travels. 
It has been pointed out in a previous paper* 
that serial roentgenograms corroborate this 
relation between artery luminal diameter 
and speed of flow. Brachial-cerebral angio- 
grams show a consistent difference in rate 
of flow through vertebral and_ internal 
carotid arteries. Normally, the rapidly 
moving stream of the internal carotid 
artery enters the cranium first, and opaque 
medium has moved well out into peripheral 
branches of the middle and anterior cere- 
bral arteries by the time the advancing 
contrast medium-column the more 
narrow vertebral artery arrives at the brain 
stem. This considerable time differential 
between anterior and posterior segment 


flow is maintained throughout the cycle of 


cerebral circulation and it is not uncommon 
to see opaque substance still within the 
basilar and posterior cerebral arteries dur- 
ing hemispheral venous phases. 
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Certain structural and functional com 
nents of the human circle of Willis are seen 
with regularity. There is little variability in 
the course or relative position of major 
trunks contributing to the circle, for exam. 
ple. But the origins and distributions of 
secondary arterial branches are subject to 
considerable individual difference, making 
it exceedingly difficult to distinguish nor. 
mality from abnormality, or developmental 
difference trom effects of vascular disease. 
Flow patterns of the circle of Willis will be 
described in patients who have shown no 
clinical manifestations of cerebrovascular 
disease. Deviations in structure or function 
felt to be significant will be commented 
upon. 

ParrerNns 

A typical sequence of filling and empty- 
ing within the circle subsequent to retro- 
grade injection of the right brachial artery 
is shown in Figure 1. Despite manual com- 
pression of the contralateral common 
carotid artery, crossover is not complete in 
the anterior segment, indicating lack of 
functional intercommunication — between 
the internal carotid arteries. In the first 
film, hypaque in the carotid system has 
streamed several inches beyond the cervical 
bifurcation, while in the vertebral artery 
the head of the column has just come into 
view. One half second later (second film) 
peripheral branches of the middle and 
anterior cerebral arteries are well opacitied, 
and contrast substance has reached the 
basilar artery. Subsequent exposures repre- 
sent an elapsed time of one and one half 
seconds, during which fine radicles originat- 
ing from the superior surface of the basilar 
artery become visible, and filling occurs in 
the large left posterior cerebral artery 
which remains a prominent vessel to the 
end. 

As the basilar drainage opacifies, there 
can be seen small twigs representing the 
right posterior cerebral and spinal arteries, 
and a thread-like channel which is probably 
the left posterior communicating vessel. 
Filling of the left posterior communicating 
artery represent. the sole anastomotic response 
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‘1G. 1. Retrograde right brachial injection with contralateral carotid compression. Sequence begins at upper 


left and proceeds left to right. Circulation is normally rapid. Total time required is slightly over two sec- 
onds. The anterior segment does not communicate. Note the sharply curved course of the basilar artery 
and the characteristic persistence of the opaque medium in that circulation. The disproportion i in diameter 
of the two posterior cerebral arteries is somewhat unusual. The anterior cerebral artery is superimposed 


upon the median nasal septum. 


of this circle to marked drop of pressure in the 
contralateral carotid system. The anterior 
inferior cerebellar branch is very small. The 
diameters of vessels can be seen to remain 
constant throughout the circulatory cycle, 
and differences in size appear to be a reli- 
able reflection of different hydraulic capaci- 
ties in various branches of the system. It is 
noteworthy that the right posterior com- 
municating artery is not visible during any 
part of the cycle, and also that both ante- 
rior cerebral arteries fill from the right side. 

The large volume of opaque medium 
propelled up the carotid artery dissipates 
rapidly, and comparatively little remains in 
this system on the final film. Speed of flow 


in the basilar system is in marked contrast, 


for opaque substance persists until the end 
of the film sequence. The total time that 
contrast medium remains within the ante- 
rior segment of the circle is much less than 
the period for which it lingers in the pos- 
terior segment. 

In all sequences to date it has been ob- 
served that, unless there is arterial obstruc- 
tion or major structural deviation in the 
carotid system, posterior segment flow is 
delayed and relatively sluggish. It has, 
therefore, been assumed that this is a 
natural phenomenon. The significance of 
normally more rapid circulation through 
drainage fields of the anterior and middle 
cerebral arteries is as yet unknown. 

Examples of different arterial configura- 
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Fic. 2. Configurations of the circle of Willis. Each tracing is of the roentgenogram above. No carotid com. 
pression was performed. Note the consistent bilateral filling of the posterior cerebral arteries and the bi- 
lateral opacification of the basilar branches. A posterior communicating artery (left) is seen on only one 
roentgenogram. There is great variability in the site of origin and the course of vessels derived from the 
basilar artery. 


tions of the human circle of Willis during 
maximal filling are shown in Figures 2 and 3. 
These patterns are alike in that fluid flow in 
the anterior segment of the circle remains 
unilateral despite efforts in some cases to 
produce anastomotic communication by 
contralateral carotid compression. 

Carotid Trunks. The common carotid 
artery is seen as a heavy, opaque column 
extending several inches from the lower 
margin of exposed film. A fairly abrupt, 
well-marked narrowing marks the point of 
cervical carotid bifurcation. The internal 
carotid artery then ascends vertically a 
short distance, swings sharply to pass 
medially in a straight line for about 3 cm., 
and reverses course to penetrate the floor of 
the skull. Variations are unusual in the 
cervical course of these major trunks unless 
arterial disease is present. 


Anterior Cerebral Artery. Opacification of 
the right anterior cerebral artery is sucha 
constant feature of retrograde angiography 
that nonfilling is regarded as evidence of 
occlusive vascular disease or major develop- 
mental deviation. The precise incidence is 
unknown of derivation of both anterior 
cerebral arteries from one internal carotid, 
but it must be quite low.® In the present 
series of approximately 50 consecutive 
cases, including patients with various kinds 
of cerebral lesions, only two examples were 
found of dual unilateral derivation (Fig. 1). 
Multiple channels connecting anterior cere- 
bral arteries are known to be far more com- 
mon than inadequate communication be- 
tween these vessels—a situation quite 
unlike that characteristic of posterior com- 
municating vessels.! 

During early filling phases the anterior 
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cerebral arteries overlie and parallel the angiogram a parent trunk of the anterior Bie 
‘ median nasal septum, whereas a second or _ spinal artery can be seen arising in approxi- 
so later their terminal branches arch back- mately the same location. 
“ ward and may be superimposed on the The Basilar Artery. The lumen of the 
' circle of Willis itself. Moderately high- basilar artery normally is completely filled 
speed film shuttling (3/second) allows easy during right brachial angiography. A curv- | 
differentiation of these branches from those ing course, sometimes C-shaped and occa- . 
arising at the circle of Willis. sionally in the form of an S, is much more 
Posterior Segment Arteries. The vertebral characteristic of this vessel than the 
artery displays little variation in its course, straight median structure seen in textbook 
and the characteristic cervical loop‘ is well diagrams of the human circle of Willis. ‘ 
displayed in submentovertical views. A Although in some instances of unusual as 
branch of this artery, visible on most angio- tortuosity, atherosclerosis is undoubtedly a i 
grams, is the right posterior inferior cere- contributing factor, it has been observed ay 
bellar artery (Fig. 2 through 5, inclusive). that even in young persons free of serious 3 
This vessel arises from the medially ascend- arterial disease the trunk of the basilar 
ing limb of the vertebral artery, and follows artery may be sharply curved to the right 
a highly variable path. On an occasional _ or left. The rostral tip of the artery, on the 
bi- | 
the 
of 
a 
of 
“ 
1S 
or 
d, 
it 
re 
ls 
3 
lo 
‘a Fic. 3. Configurations of the circle of Willis. Each tracing is of the roentgenogram above. Carotid compres- 
e sion carried out during injection of patient on far right results only in slight reflux into left anterior cerebral 


= artery. Note the wide differences in diameter and variable course of the basilar artery. The right posterior 
cerebral artery fails to fill in one instance (? pathologic change). The middle and anterior cerebral arteries 
show little variability in origin or distribution of their main trunks. The posterior communicating arteries 
are usually not seen. 
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Fic. 4. Brachial retrograde injection with compression of contralateral cervical carotid artery. Filling of the 
entire anterior segment of the circle of Willis is demonstrated. Left: The slender right posterior com- 
municating artery is well seen. Note the symmetry of the two middle cerebral arterics and the apparent 
transposition of the anterior cerebral arteries. The vertebral artery is of adequate size and the superior 
cerebellar branches are filled. Middle: Note the derivation of the left posterior cerebral artery from the 
internal carotid artery and the median but narrow basilar artery. Right: C-shaped basilar artery with a 


prominent right posterior cerebral branch, 


other hand, varies little in its central ana- 
tomic position from patient to patient. 
Posterior Cerebral Arteries. Both poste- 
rior cerebral arteries can be clearly seen in 
the usual study. They arise almost always 
from the rostral end of the basilar artery 
and appear to be a natural continuation of 
this vessel. Density of opaque medium is 
the same in each of the vessels. This bilat- 
eral circulation is in marked contrast to 
that described for animals,’ and indicates 
that thorough mixing of the vertebral 
streams is the rule in the human basilar 
artery. It is probable that interruption of 
laminar flow by turbulence at the verte- 
bral-basilar junction is responsible for the 
phenomenon. The two posterior cerebral 


arteries demonstrate typically a ‘“weeping- 
willow” configuration. Major variations are 
common, and may include bifid origin, 
early branching, and occasionally what 
appears to be total absence of one artery 
(Fig. 2). 

Other Basilar Branches. Superior cere- 
bellar arteries are seen with a fair degree of 
frequency. It is only rarely possible to 
identify a sequence of lateral branches of 
the basilar artery similar to those ordinarily 
diagrammed in texts. This discrepancy 
cannot be ascribed to physical character- 
istics of the opaque medium used for angi- 
ography, for left-sided basilar branches fill 
almost as frequently as those on the right, 
and intracranial arteries of very small 
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caliber regularly become opacified else- 
where (Fig. 3). As a matter of fact, it is not 
uncommon during certain arterial filling 
phases to see fine perforating radicles 
emerging from the superior surface of the 
basilar artery, or hair-like pontine branches 
outlining the external form of the brain 
stem. 

When contralateral carotid compression 
is carried out, a few seconds before retro- 
grade brachial injection, opaque medium 
may cross to fill the entire anterior segment 
of the circle of Willis. This has occurred in 
perhaps 50 per cent of individuals to date. 
The distal internal carotids and right and 
left anterior and middle cerebral arteries 
are flooded with contrast solution. Shortly 
thereafter the posterior segment fills via the 
vertebral artery and all major functional 


components of the circle can be visualized. 
Figures 4 to 6, inclusive, show the roent- 
genographic appearance of the circle of 
Willis at that instant. Occasionally, similar 
filling will occur when an excess of opaque 
medium refluxes proximal to the innomi- 
nate into the arch of the aorta and passes 
up the left internal carotid artery (Fig. 6). 

Filling of the entire anterior segment of 
the circle of Willis is excellent evidence of 
anastomotic response to drop of arterial 
pressure in the left carotid system, and 
proof of the existence of adequately patent 
anterior communicating channels. The 
more rapid anterior segment circulation 
results in filling of the entire system bilater- 
ally, before the basilar drainage becomes 
opacified by arrival of the vertebral stream. 
There is no evidence that opaque medium 


ic. §. Right brachial injection and left carotid compression. Left: Quadrilateral circle of Willis with un- 
usually thick left posterior communicating artery joining the posterior cerebral trunk. Note the promi- 
nent posterior inferior cerebellar branch and the midline basilar artery. Middle: Posterior dislocation of 
the right middle cerebral complex by space-occupying mass. The posterior cerebral and superior cerebellar 
branches are well outlined. Right: Symmetric anterior and middle cerebral arteries with widely-spaced 
“weeping-willow”’ posterior cerebral configuration. There are no visible posterior communicating arteries. 
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Fic. 6. Brachial injection with left carotid compression. Left: Prominent posterior inferior cerebellar artery 
and almost transversely placed basilar artery are visualized. Right: The opaque medium ascends both 
internal carotid arteries. Filling of the anterior cerebral arteries is seen only from the left. Note the 
markedly different course of the right and left middle cerebral arteries. There was no clinical evidence 


suggesting the presence of an intracranial lesion. 


flooding the anterior segment under these 
conditions passes posteriorly to contribute 
to the basilar circulation nor that circula- 
tion in the basilar system compensates for 
the pressure drop in the left anterior seg- 


ment. During this tvpe of maximal circu- 
latory stress, therefore, the left posterior 
communicating artery, at least, fails to 
respond as an anastomotic conduit. The 
posterior communicating vessels can rarely 
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be seen during brachial-cerebral angiog- 
raphy and, in the few instances they are 
visible, they are of such small caliber that it 
is dificult to conceive them to be carrying 
significant volumes of blood. 

These observations indicate that the 
human circle of Willis is functionally a 
circle in name only. The independent an- 
terior and posterior segments possess major 
differences in function. Internal carotid 
flow normally supplies the ipsilateral half of 
the anterior segment, but about $0 per cent 
of individuals possess the capacity to main- 
tain adequate functional circulatory flow to 
both hemispheres by way of one internal 
carotid artery. 

Posterior segment circulation is charac- 
terized by bilateral distribution of a rela- 
tively small volume of slowly moving 
arterial blood. The brain stem and cere- 
bellar areas are, therefore, usually isolated 
from the rapidly moving high volume 
stream perfusing the anterior segment. In 
the usual individual if the internal carotid 
supply fails bilaterally there would appear 
to be little chance that hemispheral perfu- 
sion could be supported by way of posterior 
segment flow. 

SUMMARY 


1. Retrograde brachial angiography ful- 
fills experimental criteria established previ- 
ously in animals for investigation of cere- 
bral circulation. The technique avoids 
completely pressure artifacts and arterial 
injury. 
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2. When the submentovertical projec- 
tion is combined with brachial injection, 
clear visualization is obtained of compo- 
nents of the circle of Willis. 

3. Typical configurations of human cir- 
cles are presented, and the influence of 
contralateral carotid compression is demon- 
strated. 

4. Some preliminary observations are 
made on functional capacity of the human 
circle of Willis as demonstrated by this 
method. 


Department of Neurosurgery 
New York Medical College 
Fifth Avenue at 105th Street 
New York, New York 
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VALVES OF THE COMMON CAROTID ARTERY 
DURING ANGIOGRAPHY * 


By WILLIAM E. 


BROOKLYN, 


HE common complications of carotid 

angiography have been reported in 
detail and are well known.' However, 
there is one uncommon complication which 
we feel has not received enough attention 
the creation of artificial valves in the com- 
mon carotid artery during the puncture of 
this vessel. Sirois, Lapointe, and Cété® have 
published such a case with postmortem 
findings. The purpose of this paper is to 
present 4 similar cases and to describe the 
roentgen findings. 

All examinations were pertormed with a 
serial cassette changer exposing six films in 
sequence at one second intervals. The first 3 
cases were studied by the percutaneous 
method while in the fourth case the com- 
mon carotid was surgically exposed. 


REPORT OF CASES 

Case 1. J.G. KCH #43553. This twenty-three 
year old white female entered the hospital on 
September 19, 1958 because of vaginal bleeding. 
The patient had had her last menstrual period 
three months before. According to the history 
she had suffered a generalized convulsion of five 
to ten minutes’ duration a few hours before 
admission. There were no sequelae. A dilatation 
and curettage were performed on the following 
day. Six hours after operation the patient had a 
generalized convulsion following which she was 
unresponsive for a period of three days. Lumbar 
puncture performed during this period revealed 
xanthochromic spinal fluid. She subsequently 
became alert and there were no neurologic signs 
except nuchal rigidity. 

Left carotid angiography was performed on 
September 30, 1958. No contrast material was 
seen intracranially until the five second angio- 
gram. It was therefore suspected that there was 
a partial block in the cervical portion of the 
internal carotid artery. The films were then 
positioned for study of the neck and the exami- 
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nation was repeated. On this study the early 
angiograms revealed the contrast material to 
stop abruptly in the distal portion of the com. 
mon carotid artery (lig. 1). The head of the 
contrast column had a meniscus appearance 
with concavity directed inferiorly. On the three 
and four second angiograms the vertebral 
artery was faintly opacified. At five seconds 
(Fig. 2) the contrast material started to escape 
the block and eventually opacified the internal, 
external, and branches of the middle cerebral 
arteries. However, most of the contrast material 
remained in the distal portion of the common 
carotid artery and maintained the meniscus 
appearance on its upper border. A repeat exami- 
nation performed immediately revealed the 
same findings. By October 5, 1958 the patient’s 
nuchal rigidity had disappeared and two days 
later a lumbar puncture revealed clear spinal 


Fic. 1, Case I. Three second angiogram showing 
contrast material in the common carotid artery. 


* From the Departments of Radiology of the State University of New York Downstate Medical Center, 451 Clarkson Avenue, 


Brooklyn, New York, and the Kings County Hospital, Brooklyn, New York. 
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fluid with a negative Pandy test. The patient 
signed her release against advice on October 12, 
1958. The discharge diagnosis was subarach- 
noid hemorrhage of undetermined etiology. 


Case u. H.B.N. KCH #49727. This forty-two 
year old Negro male was admitted because of 
right hemiplegia and aphasia. While being 
admitted he developed a grand mal type of 
convulsion with loss of sphincter tone and went 
into status epilepticus for about thirty minutes. 
Toward the end of the convulsive episode the 
patient was noted to have more prominent 
convulsive movements on the right side of the 
body. Following this he was lethargic and pain 
stimuli caused motion of the extremities on the 
left side only. 

He slowly became fully alert and seventeen 
davs later, on November 6, 1959, left carotid 
angiography was performed. The operator had 
dificulty in puncturing the common carotid 
artery and the first injection was into the soft 
tissues of the neck. On the second injection it 
was noted that the needle was low in the com- 
mon carotid artery and there were several filling 
defects in the opaque column just above its 


Fic, 2. Case I. Five second angiogram showing some 
contrast material escaping the block in the com 
mon_carotid artery. 


Valves of the Common Carotid Artery 


ic. 3. Case Il. Three second angiogram showing 
numerous filling defects in the common carotid 
artery. The opaque column has a rounded upper 
border. 


insertion. The contrast material passed these 
defects readily but stopped abruptly just below 
the common carotid bifurcation (Fig. 3). On the 
five second angiogram the carotid bifurcation 
was faintly outlined and at six seconds (Fig. 4) 
it was well outlined. On both these angiograms 
there was a faint line of radiolucency running 
across the opaque column just below the com- 
mon carotid bifurcation. This line of radio- 
lucency corresponded to the area where the 
opaque column had stopped on the early angio- 
grams. In the anteroposterior projection it was 
noted that the common carotid artery appeared 
to be ballooned just below its bifurcation. Ret- 
inal artery pressures recorded on November 9, 
1959 were 147/67 gm. in the right eye and 
144/60 gm. in the left eye. 

The left carotid angiography was repeated 
four days later. At this time there was a smooth, 
rounded, elongated filling defect on the poste- 
rior aspect of the opaque column in the common 
carotid artery. This was apparently caused by a 
hematoma from the previous examination. 
Whether it was retrocarotid or intramural could 
not be determined. Above the defect a curved 
line of radiolucency arose from the posterior 
surface of the common carotid artery at the 
bifurcation and extended anteriorly and inferi- 
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Fic. 4. Case II. Six second angiogram showing 
opacification of the carotid bifurcation. There is a 
faint line of radiolucency just below the bifurca- 
tion. 


orly to become lost in the defect. There was no 
obstruction to the flow of the contrast material 
and a normal cerebral angiogram was demon- 
strated. The retinal artery pressures measured 
on November 16, 1959 were equal. A pneumo- 
encephalogram on November 18, 1959 was 
normal. 

Left carotid angiography was again _per- 
formed on December 14, 1959 (lig. 5). At this 
time the previously described filling defect had 
become slightly flattened but was still quite 
apparent. It was now felt that this was an 
intramural hematoma which was undergoing 
organization. The curved line of radiolucency 
could still be seen, although it was not as promi- 
nent as on the previous study. The patient was 
eventually discharged with the diagnosis of a 
convulsive disorder of unknown etiology. 


Case mr. C.C. KCH #45056. This fifty-one 
year old Negro male was a chronic alcoholic and 
had been drinking heavily on the night prior to 
admission. He was found lying in bed on the day 
of admission in a stuporous condition. Informa- 
tion from a friend disclosed that the patient had 
been suffering from “circulation” in the legs 
recently. Upon admission he was stuporous and 
in shock. There was spasticity of both lower 
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extremities, somewhat more marked on the left. 
There was a positive left Babinski toe sign, 
During the next two days the spasticity of the 
lower extremities decreased markedly and the 
Babinski toe sign disappeared. The patient 
remained stuporous. Lumbar puncture on the 
third hospital day (Kebruary 3, 1960) revealed 
clear fluid with a negative Pandy test and no 
cells. 

Right carotid angiography was performed on 
Kebruary 4, 1960. Angiograms taken in the 
anteroposterior projection revealed the contrast 
material to stop abruptly in the distal portion of 
the common carotid artery (lig. 6). The head 
of the opaque column had the appearance of a 
meniscus with its concavity directed inferiorly, 
In addition there was a faint crescentic line of 
radiolucency about 1 cm. below the point of the 
needle. In the early angiograms the contrast 
material flowed in a retrograde direction to 
opacify the right subclavian, innominate, and 
right vertebral arteries. In the four second and 
five second angiograms (lig. 7) the contrast 
material slowly escaped the block and outlined 
an area of irregularity in the proximal portion 
of the internal carotid artery. A second needle 
was then inserted higher up in the common 


Fic. 5. Case IT. Angiogram made five weeks after 
Figures 3 and 4. The valve can be faintly seen. 
The smooth filling defect on the posterior aspect 
of the artery is apparent. 
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carotid artery and a repeat study was a 
(Fig. 8). This showed an apparently normal 
carotid bifurcation and normal internal and 
external carotid arteries. Left carotid angiog- 
raphy was then pertormed and was negative. 
Both anterior cerebral arteries filled and were 
midline. There was no opacification of the right 
‘nternal carotid bifurcation or right middle 
cerebral artery. 

The patient was taken to the operating suite 
a few hours later and under local anesthesia the 
right common carotid, the bifurcation, and 
internal and external carotid arteries were 
exposed. Inspection showed that there were 
adequate pulsations in these vessels. A linear 


Fic. 6. Case IIT. Early angiogram showing abrupt 
stoppage of the contrast column below the carotid 
bifurcation and retrograde flow through the sub- 
clavian, innominate and vertebral arteries. Note 
the curvilinear line of radiolucency just below the 
point of insertion of the needle. 
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Fic. 7. Case II]. Angiogram shortly after Figure 6 
showing contrast material outlining a filling defect 
above the point of previous blockage. 


incision was made in the anterior aspect of the 
common carotid artery, the bifurcation, and the 
proximal segment of the internal carotid artery. 
There was a fresh intramural blood clot dissect- 
ing between the intima and media of the pos- 
terior wall measuring about 13 cm. long, 4 mm. 
wide and 3 mm. thick. The clot was removed 
without difficulty. The artery was closed in two 
layers, intima to intima and media to media. 
Following the removal of clamps there were 
good pulsations in all the exposed arteries. Post- 
operatively the patient remained stuporous for 
twenty-one days. When he finally regained 
consciousness his sensorium remained clouded 
and he had a spastic quadriplegia. 

The right carotid angiography was repeated 
on April 27, 1960 (Fig. 9). This study showed a 
small area of irregularity in the proximal por- 
tion of the internal carotid artery which pre- 
sumably represented postoperative changes. In 
addition, on the lateral view there was a line of 
radiolucency lying just anterior to the posterior 
border of the distal portion of the common 
carotid artery. The patient’s condition did not 
improve and he was eventually transferred to a 
State hospital. 
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Fic. 8. Case III. A second injection has been made 
above the block seen in Figure 6 and a normal 
bifurcation is demonstrated. 


Case iv. F.T. This fifty-two year old white 
male had been suffering from mild attacks of 
coronary insufficiency for the past ten years. He 
had had five hospital admissions during the 
period from October, 1956 to November, 1959, 
always with the chief complaint of sudden onset 
of unconsciousness not connected with any 
convulsive movements, and always with a nega- 
tive neurologic examination. Because of the 
possibility of a cerebral vascular insufficiency 
syndrome, bilateral carotid angiography was 
performed in November, 1959 using the open 
technique. 

Examination of the early right carotid angio- 
grams revealed the contrast material to stop 
abruptly in the common carotid artery. The 
upper border of the opaque column had the 
appearance of a meniscus with the concavity 
directed inferiorly. On the three second and 
four second angiograms the vertebral artery was 
opacified. On the five (lig. 10) and six second 
angiograms a small amount of the contrast ma- 
terial was seen to have escaped the block. How- 
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ic. g. Case HI. Angiogram made eleven weeks after 
Kigures 6, 7, and 8. A valve can be seen in the up- 
per portion of the common carotid artery and an 
operative detect in the proximal portion of the 
internal carotid artery. 


ever, most of the contrast material remained 
proximal to it. 

The patient was later taken to the operating 
suite and the right common carotid artery and 


Fig. 10. Case IV. Five second angiogram showing 
that most of the contrast material is in the com- 
mon carotid artery and that the column has a 
rounded upper border. Some opaque medium ts 
escaping the block to faintly outline the carotid 
bifurcation. 
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its branches were exposed. There were numer- 
ous adhesions behind the common carotid which 
were considered to be pathologic. There was an 
oval circumscribed bluish area approximately 
3X1cm. in the medial wall of the vessel about 3 
cm. below the bifurcation. This was believed to 
represent a focal intarct of rather recent origin. 
In addition there was a ridge of scar tissue on 
the anterior aspect of the common carotid about 
acm. below the area of infarction. There was no 
evidence of atheromatous change at palpation 
and powerful pulsations were felt in the com- 
mon carotid, internal carotid and external 
carotid arteries. It was also noted that the distal 
portion of the common carotid artery just be- 
low the bifurcation was approximately twice the 
; diameter of the more proximal portion of this 
| artery. No attempt was made to open the 
carotid vessels. 


DISCUSSION 


We agree with Sirois et a/.® that the 
1 an angiographic appearance in these cases is 
the caused by the formation of a valve. The 
' point of the needle first pierces the intima 
on the posterior wall of the common carotid 
artery (Fig. 11). This is followed by a lat- 
eral movement of the needle slicing the 


ic. 11. Diagram showing how the intima of the 

posterior wall of the common carotid artery is 4 
ind intima in a crosswise direction. The pres- sliced in a crosswise direction. (Reproduced with ; 
sure of the blood flow then elevates the permission of the authors and Yournal of Neuro- 
intima and strips it from the media to form tls 2 
a valve. The tip of the needle thus comes to 
ie inferior and posterior to the lip of the °P#cification of the bifurcation and proxi- ES 
valve. At this point the valve does not mal portions of the internal and external Pues 
entirely occlude the lumen of the artery ¢@rotid arteries. However, most of the ie 
(Fig. 12). When the contrast material js COMtrast material remains trapped proximal Bee 
forcefully injected, the valve is elevated to the valve. > 
further, coming tee The faint crescentic line oft radiolucency 
anterior wall ot the artery and completely See” below the point of the needle in our HSS 
occluding the vessel. During this period the | 
artery may appear to be ballooned just 
below the block and contrast material may 
opacify the vertebral artery by retrograde 
flow. The outline of the head of the contrast 
material in the common carotid artery is 
that of a meniscus with the concavity 
directed inferiorly. This condition lasts for 
ng three or four seconds and then the contrast 
material starts to escape around the valve 
is as the pressure of the injection diminishes Fic. 12. Line drawing showing the valve in profile. 
id and the pressure in the common carotid The dotted line represents the position of the 

artery returns to normal. We then see faint valve during and immediately after injection. 


ne 
NEF 
get 


1056 


third case has also been described by Sirois 
and co-workers.® It is apparently the edge 
of the elevated intima. This finding cannot 
always be distinguished on the angiograms. 
The ballooning of the distal portion of the 
common carotid artery is likewise not al- 
ways present. This latter sign may depend 
on the direction in which the opening of the 
needle is facing. If it is directed superiorly 
the contrast material will be forceably 
injected into the blind sac formed by the 
valve, thus causing expansion of the arterial 
wall. If it is facing inferiorly the force of the 
injection will be dissipated to a great extent 
against the blood flow and the arterial wall 
may not dilate. 

The most reliable signs of the presence of 
2 valve are the meniscus appearance of the 
upper border of the contrast column and 
the eventual escape of a small amount of 
the material, revealing a normal bifurca- 
tion, while the major portion remains 
proximal to the area of obstruction. 

Review of 1,224 angiograms in our series 
has revealed only 3 cases of valve torma- 
tion, giving an incidence of slightly less 
than 0.25 per cent. Because adverse signs 
and symptoms are rare following carotid 
artery puncture, we are probably unaware 
of the actual incidence of intimal damage 
without valve formation as a result of the 
procedure. This may be much higher than 
is suspected. Rowbotham e¢ performed 
postmortem examinations on 6 patients 
within ten days after they had undergone 
carotid angiography. In all cases the intima 
on the posterior wall of the carotid vessels 
had received one or more lacerations up to 
3 mm. in length. In one instance there was 
a hemorrhage in the media 1 cm. long and § 
mm. across. This would correspond to our 
Case 1 and Case ut. In another of their 
cases, there was a friable thrombus project- 
ing into the lumen of the vessel from one of 
these lacerations. 

If a valve of the common carotid artery 
is suspected, a second needle should be 
inserted above the involved area into the 
common or internal carotid artery. This 
was done in our third case but we failed to 
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realize the significance of a normal carotid 
bifurcation. The measurement of retinal 
artery pressures may also suggest the pres. 
ence of this condition. If there is not more 
than a 1§ per cent difference in the systolic 
retinal artery pressures, occlusion of the 
common carotid artery is unlikely. Qur 
Case 11 should have indicated this to us. 
Pressure on the contralateral carotid ar. 
tery, as advocated by Gurdjian and ¢o. 
workers,”* may also be of help in the detec. 
tion of this condition. 


SUMMARY 

1. Four cases of artificial valves of the 
common carotid artery are presented. 

2. An artificial valve is formed during 
carotid angiography by the needle piercing 
the intima of the posterior wall of the com. 
mon carotid artery and moving in a cross- 
wise direction. The intima ts then elevated 
and stripped from the media by the pres- 
sure of the blood flow, thus torming a valve, 
This valve causes a partial obstruction to 
blood flow under normal conditions and a 
complete obstruction under the abnormal 
conditions produced when the contrast 
material is injected. 

3. Ifa valve is suspected, a second needle 
may be inserted higher up in the common 
carotid artery or in the internal carotid 
arterv. Measurement of the retinal artery 
pressures and compression of the contra- 
lateral common carotid artery may also 
help to rule out an occlusion. 

4. This lesion is important not only 
because it mav lead to the erroneous diag- 
nosis of an occlusion of the common carotid 
artery but also because of its possible 
sequelae, namely, dissecting hematoma and 
thrombus formation. 


Department of Radiology 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn 3, New York 


The author wishes to thank Dr. John P. 
Gallagher of Washington, D.C. for his kind 
permission to publish Case tv. 
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THE ROENTGEN IMAGE OF THE SUBCLAVIAN 
ARTERY IN THE PULMONARY APEX 


By BELA GONDOS, M.D.* 


WASHINGTON, D, 


HE, subclavian artery may cast a 
shadow in either pulmonary apex and 
can be recognized as such on a roentgeno- 
gram of the chest. In a review of 300 normal 
chest roentgenograms it was seen in one 
apex or in both apices in 40 per cent of the 
cases. It was more commonly observed on 
the left than on the right side, the approxi- 
mate incidence being 2:1. It appears as a 
curved homogeneous shadow 3-4 cm. in 
length, sometimes sharply but more often 
indefinitely delineated (Fig. 1, 7 and 8). 
It is projected in one of the four proximal 
posterior intercostal spaces, most commonly 
in the second and third; however, it may 
be completely or partly obscured by ‘the 
ribs. When it is distinctly outlined, it can 
be followed on the left as a continuation of 
the ascending portion of the subclavian 
artery. This portion is commonly seen, to- 
gether with the common carotid artery, as 
a homogeneous shadow just to the left of 
the air column in the trachea. On the right, 
the subclavian artery may be identified 
as a branch of the innominate artery. 
REVIEW OF THE LITERATURE 
In a contrast study on a cadaver, Ass- 
mann? has demonstrated that the shadow 
described above is that of the subclavian 
artery. Since the advent of angiographic 
contrast studies 77 vivo, the location and the 
appearance of the opacified subclavian 
artery on chest roentgenograms has be- 
come well known. A well-documented paper 
on this subject was presented by Poker and 
associates.° Nevertheless, the identifica- 
tion of the subclavian artery with the 
shadow seen on plain chest roentgeno- 
grams was not made. Poker and associates 
state that ““Roentgenographically, the sub- 
clavian arteries are invisible in frontal and 


lateral views. However, the left subclavian 
artery can be visualized in the left anterior 
oblique view... The last sentence of 
the quoted statement refers to the first 
portion of the artery, which represents the 


Fic. 1. (4) In the right apex, the innominate artery 
and its bifurcation into the subclavian and com- 
mon carotid artery are visualized. In the left apex, 
the first part of the subclavian artery shows calci- 
fication in its wall. Because of the angle of projec. 
tion, the second part is obscured by the second rib. 
(B) In the same patient as 4, but using a different 
angle of projection with the tube centered lower, 
the innominate artery can be recognized in the 
third intercostal space. Its bifurcation is obscured 
by the third rib. The right subclavian artery pro- 
duces a “haziness” in the second intercostal space. 
The left subclavian artery is well visualized in the 
second intercostal space. Compare with the left 
subclavian artery in 4. (C) A laminagram in which 
both subclavian arteries are visualized also shows 
origin of the left internal thoracic (mammary) 
artery as a prominence on the lateral aspect. 


* Chief Medical Officer, Department of Radiology, D. C. General Hospital, Washington, D. C., and Assistant Clinic al Professor of 


Radiology, Georgetown University, School of Medicine. 
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anterior border of the triangular clear space 
formed with the spine and the aortic arch 
and seen in this view. 

Some of the standard textbooks and 
of diagnostic roentgenol- 
ogy describe and identify the shadow of the 
subc'avian artery in accordance with 
Assmann’s suggestion, others’:*-"! seem to 
ignore it. Caffey’s’ authoritative textbook 
on pediatric roentgenology describes and 
illustrates a shadow as “the companion 
shadow of the left second rib” in the left 
apex which, by Assmann’s criteria and by 
the observations of the present study, is 
considered to represent the subclavian 
artery. Caffey considers this “companion 
shadow” to be the product of the heavy 
subcostal muscles on the internal aspect of 
the left second rib. The ‘‘companion 
shadow,” first described by Albers-Schén- 
berg! (1g08), has been a controversial sub: 
ject in the literature. According to one con- 
cept! it represents the proximal border of 
the pulmonary apex; another explanation® 
is that the shadow is produced by extra- 
pleural structures (subcostal muscles, the 
last cervical sympathetic ganglion, the 
supreme thoracic artery and vein and 
the first thoracic nerve). Apparently the 
shadow produced by the subclavian artery, 
as suggested in the present paper, was also 
interpreted as the “companion shadow of 
the second rib.” 

The present paper has two purposes: (1) 
to re-emphasize the accuracy of Assmann’s 
original observation that the second por- 
tion of the subclavian artery may be 
visualized in the projection of the pul- 
monary apex in the posteroanterior view 
of the chest; and (2) to record additional 
observations. 


GROSS AND ROENTGEN ANATOMY 


The left subclavian artery is a branch of 
the aorta and the right is a branch of the 
innominate artery. The first part of the left 
subclavian artery runs posteriorly and 
somewhat laterally to the thoracic portion 
of the common carotid artery. This seg- 
ment together with the common carotid 
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artery is commonly seen in the chest roent- 
genogram just lateral to the translucent air 
column in the trachea. Then the left sub- 
clavian artery turns toward the left. The 
right subclavian artery reaches a some- 
what higher level than its counterpart; 
nevertheless, this vessel is considerably 
shorter than the left because of its different 
origin. The proximally most prominent 
part of the subclavian artery is located be- 
hind the scalenus anterior muscle. From 
here the artery continues as far as the lateral 
border of the first rib to become the axillary 
artery. Thus the scalenus anterior muscle 
divides the subclavian artery into three 
parts, the second being the one covered 
by this muscle. This portion measures ap- 
proximately 2 cm. in length and is mainly 
responsible for the shadow in the pulmo- 
nary apex. The rest of this shadow is made 
up of the adjacent portions of the first and 
third parts of the artery. 

Visualization on the roentgenogram is 
caused by a groove of variable depth in 
the apex of the lung. This groove decreases 
the sagittal diameter of this area of the lung 
compared to that of the adjacent portions 
of lung and determines the density of the 
contrasting shadows on the roentgenogram. 
The difference in the depth of the groove 
in different persons is one of the reasons 
why the shadow may be demonstrated in 
one person and not in another. The less 
frequent incidence of a visible vascular 
shadow on the right is the result of the 
asymmetry of the anatomy of the lungs. 
The groove on the right side is generally 
more shallow than that on the left; the 
relatively higher position of the second 
part of the artery on this side probably 
represents a contributing factor. Occasion- 
ally, on roentgenograms of excellent qual- 
ity, particularly on laminagrams, the origin 
of the internal thoracic artery (internal 
mammary artery) can be seen on the in- 
ferior aspect (Fig. 1C). This branch of the 
subclavian artery arises from the inferior 
surface of the first part opposite the thyro- 
cervical trunk. 

The caliber of the subclavian artery has 
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been determined by angiocardiographic 
studies; the average is given as 0.g cm.°® 
Measurements performed in a small num- 
ber of our cases on conventional chest 
roentgenograms showed a range of 0.9~1.1 
cm., the average being approximately 1.0 
cm. This somewhat higher average is ex- 
plained by the fact that these measure- 
ments include not only ‘the lumen but the 
wall of the vessel as well. 

A clear definition of the subclavian artery 
can be obtained only when both the supe- 
rior and inferior contours are visualized. In 
cases where the two contours are ob- 
scured by the ribs or are poorly defined 
because of the angle of projection, the 
shadow presents itself as a “ditfuse hazi- 
ness” (Fig. 1B). The demonstration of the 
subclavian artery is greatly influenced by 
the anatomy of the thorax, the width of the 
intercostal spaces, and the projection angle 
employed. It was found that a slight ceph- 
alad angulation of the central beam (with 
the tube placed in a lower position) results 
in better visualization of the subclavian 
artery in the posteroanterior view than by 
the usual method (Fig. 5, 4 and B). 
similar result can be obtained in the antero- 
posterior view by using a caudally tilted 
tube, a technique originally employed by 
Albers-Schénberg for visualization of the 


pulmonary apex. The same projection is 


used for anteroposterior roentgenograms ot 
the cervical spine, and the subclavian 
artery is commonly depicted on these 
roentgenograms if the pulmonary apex is 
included. 
CORRELATIVE ROENTGEN FINDINGS 

Although Assmann’s autopsy study and 
modern angiocardiographic observations 
locate the subclavian artery where the 
questionable shadow can be seen on plain 
roentgenograms, the identification cannot 
be made with absolute certainty. In the 
present study we collected material other 
than angiocardiographic studies with the 
purpose of adding further support to this 
concept and possibly eliminating any doubt 
that the apical shadow in question repre- 
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sents the subclavian artery. 

1. Calcium salt deposition in one part of 
the wall (the media) of the subclavian 
artery may produce a contrast etfect sim. 
ilar to that of an angiocardiographic study 
(Fig. 2). In the case where the calcium salt 
deposition is not evenly distributed, the 
direct continuity of the calcific shadow with 
the soft tissue shadow of another part of 
the artery identifies the latter as the sub. 
clavian artery (Fig. 3, 47 and B). By the 
dotted line and the plaques produced by 
the calcification, nature provides an illus. 
tration comparable to an anatomic draw- 
ing. This “illustration” provides more con- 
vincing evidence than any contrast study 
could produce. 

2. In pneumothorax the subclavian ar- 
tery is visualized against the background 
of the air-containing pleural cavity (Fig. 4). 
Because of the increased contrast, the ar- 
tery is seen more clearly than in a normal 
chest, although the physical factors are the 
same since the sagittal diameter of the 
pneumothorax cavity at the level of the 
subclavian artery is shorter than that of the 


adjacent area because of the persistence of 


the groove on the parietal pleura after the 
collapse of the lung. In emphysema, pneu- 
matocele and cystic disease a similar situa- 
tion may exist, the contrast being effected 


ic. 2. Extensive calcification in the wall of the left 
subclavian artery. Note that both the first and the 
second parts of the artery can be identified. 
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by the proportion of lung tissue to the air 
content of the lung in the area of the apex 
(Fig. 5, 7 and B). In any infiltrative proc- 
ess of the pulmonary apex the contrast de- 
creases and the subclavian artery shadow 
becomes obscured. 

3. Laminagraphy is an excellent method 
for demonstration of the subclavian artery 
(Fig. 1C). The shadow in question is best 
visualized in cuts where the groove of the 
subclavian artery is located in the anterior 
aspect of the pulmonary apex. This cut 1s 
usually at a distance of 93-11 cm. from the 
posterior wall. Demonstration of the ar- 
tery is more frequent by this technique 
than by conventional roentgenography. 


CLINICAL SIGNIFICANCE 

The shadow of the subclavian artery may 
be incorrectly interpreted as pulmonary 
infiltration or thickening of the apical 
pleura. If calcification 1s present in the wall 
of the vessel, this may erroneously be con- 
sidered to be due to tuberculosis or histo- 
plasmosis. In doubtful cases an_ effort 
should be made to clearly define the 


Fic. 3. (4) Posteroanterior and (B) lateral roentgeno- 
grams showing calcification in the wall of the left 
subclavian artery. In the second part the calcifica- 
tion mainly involves the superior wall, whereas the 
inferior aspect of the subclavian artery is seen as a 
“soft tissue shadow.”’ This combination of findings 
and the lateral view identify the “‘soft tissue 
shadow” as that of the subclavian artery. The ir- 
regular calcification in the right apex is probably 
that of the right subclavian artrey. 


Kic. 4. A right pneumothorax. Note the good 
delineation of the right subclavian artery. 


vascular shadow in an attempt to confirm 
or to rule out disease of the lung or the 
pleura (Fig. 6). 

On the right side, visualization of the 
subclavian artery may be helpful in identi- 
fication of the innominate artery. This may 
be of importance in the differential diag- 
nosis between an elongated or dilated in- 
nominate artery and masses of the superior 
mediastinum. Thus an unnecessary surgical 
procedure undertaken on the basis of a 


ic. §. Cystic disease of the left lung. Note that both 
the first and second parts of the left subclavian 
artery are visualized as one continuous structure. 
(4) The artery is clearly visualized in the third 
intercostal space. (B) Using a different projection 
angle with the tube higher, the artery is partially 
, obscured by the second rib. 
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Fic. 6. Thickening and a calcification of both apical 
pleurae. Since the shadows can be followed later- 
ally beyond the medial border of the first rib, this 
differentiates this finding from shadows of the sub- 
clavian arteries. 


diagnosis of an “intrathoracic” thyroid can 
be avoided. 


SUMMARY 


The subclavian artery (one or both) can 
be visualized as a curved, band-like soft 
tissue shadow in the pulmonary apex in 
about 40 per cent of plain chest roentgeno- 
grams. This was first demonstrated by 
Assmann.’ Additional observations reported 
in the present study (laminagrams, plain 
roentgenograms of cases of calcification in 
the wall of the artery, pneumothorax, 
pneumatocele, etc.) provide further sup- 
port for this concept. Incorrect interpreta- 
tion of the shadow in question may lead to 
erroneous diagnosis of apical infiltration or 
pleural or parenchymal calcification. 


Bela Gondos, M.D. 

Department of Radiology 

D. C. General Hospital 

19th Street and Massachusetts Avenue, S.E. 
Washington 3, D. C. 


The author wishes to express his appreciation 
to Dr. Marion Faris for her cooperation in the 
statistical study of this paper. 
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CINEFLUOROGRAPHY OF CORONARY 
ARTERY CALCIFICATION* 


CORRELATION WITH CLINICAL ARTERIOSCLEROTIC HEART 
DISEASE AND AUTOPSY FINDINGS 


By ARTHUR LIEBER, M.D., and JOSEPH JORGENS, M.D., Px.D. 


MINNEAPOLIS, MINNESOTA 


INEFLUOROGRAPHY of the heart is 

the best roentgenologic method for 
detecting coronary calcification,® usually 
considered direct evidence of coronary 
artery disease. The purpose of this study 
was to find any correlation between clini- 
cally manifested arteriosclerotic (ischemic) 
heart disease and coronary calcification as 
seen at cineuorography of the heart. Pre- 
vious roentgenologic with- 
out the aid of cinefluorography have been 
unsuccessful in this respect. 


HISTORY 


Lenk? in 1927 first demonstrated a calci- 
fied coronary artery on a chest roentgeno- 
gram of a living patient, a sixty-eight year 
old man with a left ventricular aneurysm 
and no cardiac symptoms. He hoped that 
with the Bucky technique and short ex- 
posures more coronary calcifications would 
be seen. 

Wosika and Sosman” in 1934 reported 
2men and 1 woman with roentgen evidence 
of calcified coronary arteries, all of whom 
had angina. 

Snellen and Nauta'® in 1937 collected 40 
cases of coronary calcifications; there were 
32 men and 8 women, ranging in age be- 
tween fifty-seven and eighty-five years. 
Three had calcification of both right and 
left coronary arteries; 37 had calcification 
of the left coronary artery only. They used 
no special techniques or positions, but relied 
on routine posteroanterior and oblique 
views of the chest. Seventeen of their pa- 
tients had cardiac symptoms, mostly an- 
gina. The authors felt they could not judge 


the clinical value of detecting coronary 
calcification by roentgenography because 
of the way they had selected their patients. 

Sosman" in 1943 discussed the technique 
for locating and identifying pericardial and 
intracardiac calcifications. He was of the 
opinion that roentgen evidence of coronary 
sclerosis did not imply angina but indicated 
a specific type of damage in a specific place 
and could be reported only as such. Over a 
ten year period he found 42 coronary calci- 
fications by fluoroscopy. 

Habbe and Wright’ in 1950 used mul- 
tiple, high-speed spot roentgenograms to 
detect coronary calcifications. Over a two 
and one-half year period they examined 
every cardiac patient over the age of forty 
years, taking a minimum of four spot 
roentgenograms in different positions, and 
found 28 such cases, 3 per cent of the total 
cases examined by this method. They added 
kymography when necessary. They be- 
lieved that by their method they found 
twice as many cases as is possible by 
fluoroscopy alone. 

Reich and Witten™ in 1957 reported 6 
patients (¢ men and 1 woman) with left 
coronary artery calcifications. They found 
the most common site of calcification to be 
beneath the left heart border in the region 
of the upper left ventricular contour. Two 
of their patients had angina and 1 had a 
coronary occlusion, although 5 of the 6 had 
negative electrocardiograms. 


MATERIALS AND METHODS 


Our material consisted of two groups of 
predominantly white male Veterans Ad- 


From the Department of Radiology, Veterans Administration Hospital, Minneapolis, Minnesota, and the University of Minne- 


sota, Minneapolis, Minnesota. 


Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 


1960. 


1063 


rafe 
Stik 
hird 
956, 
lauf 
Ide. 
a 
jnt- 
iol., | 
and | 
gy, 
lic- 
| 
Vil. 
nt- 
di 
ind 
ns- 
ew 
ory | 
sis. 
nd 


1064 Arthur Lieber and Joseph Jorgens 


ministration Hospital patients, a control 
group of patients without detectable heart 
disease and a larger “heart disease group”’ 
with suspected or evident cardiac disease 
including ischemic heart disease. 

The control group was made up of 60 
men, 15 in each decade from ages forty to 
eighty, with normal hearts as far as could be 
determined by histories, physical examina- 
tions, electrocardiograms, and chest roent- 
genograms. These patients were hospital- 
ized for various noncardiac causes. No one 
with hypertension or diabetes mellitus was 
included. All underwent cinefluorography 
for the purpose of detecting coronary calci- 
fication. 

The heart disease group consisted of 630 
consecutive patients, predominantly male, 
referred to the radiology department for 
cinefluorography of the heart for suspected 
or known heart disease of various types. 
Practically all were cases of acquired heart 
disease. Cinefluorograms were obtained 
during the nineteen month period between 
January 1, 1958 and July 31, 1959, and 
those showing coronary calcification on the 
initial reading were reviewed and two fac- 
tors were studied: 

(1) The distribution of calcification be- 
tween the three main coronary branches, 
the anterior descending and circumflex 
branches of the left coronary artery and the 
right main coronary artery, was ascertained. 
Due to the difficulty in deciding whether a 
collection of calcium was in the main stem 
of the left coronary artery or in the anterior 
descending branch, all of this calcium was 
considered to be in the anterior descending 
branch, since it has been shown that the 
most common point of calcification 1s in 
that branch just distal to the bifurcation 
of the main left coronary artery.':! Cal- 
cium in the circumflex branch was usually 
easy to identify and to locate accurately. 

(2) The degree of calcification was de- 
termined. This was graded by 2 observers 
on aone to four plus scale. 

The clinical records of all of the heart 
disease group patients in whom coronary 
calcification was revealed by cinefluorog- 


December, 1961 


raphy were then reviewed for the presence 
of angina, electrocardiographic evidence of 
old or new myocardial infarction, and 
clinical diagnosis of arteriosclerotic heart 
disease. The latter diagnosis was reached 
by the ward physician in practically all 
cases by considering the usual clinical 
criteria for that particular type of heart 
disease and independent of the finding of 
coronary calcification at cardiac cinefluor- 
ography. The same evaluation was made 
of the records of 80 patients without coro- 
nary calcification chosen at random from the 
heart disease group and the clinical findings 
of both subgroups were compared. There 
were § women in these two subgroups. 

Twenty-one autopsy protocols of pa- 
tients who had had cardiac cinefluorogra- 
phies were reviewed. The presence or ab- 
sence of coronary calcium on each cine- 
fluorogram was correlated with the pres- 
ence or absence of coronary atherosclerosis 
and myocardial fibrosis at postmortem 
examination in the same patient. 

The cinefluorographic unit consisted of a 
Westinghouse five inch image intensifier 
equipped with a 16 mm. Kodak motion 
picture camera. The film was Kodak Lina- 
graph Shellburst film in one hundred foot 
rolls. developed in standard x-ray solutions 
and dried in air. The cinefluorograms were 
viewed with a 16 mm. Bell and Howell 
projector. 

Our technique of cardiac cinefluorogra- 
phy,® briefly described, consists of six film 
sequences: (1) in the posteroanterior view, 
the field sweeps along the right heart 
border from the diaphragm to the superior 
vena cava and (2) along the left heart 
border from the aortic arch down to the 
left hemidiaphragm; (3) in the right ante- 
rior oblique projection, we record trom the 
diaphragm to the pulmonary arteries and 
then down the left heart border to the 
diaphragm again; (4) in the left anterior 
oblique position, the right atrium, the 
ascending aorta and the mid-cardiac mass 
are scanned, followed by (s)a record of the 
posterior border of the heart; finally (6) 
in the right lateral view a recording of the 
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posterior borcer of the heart and the mid- 
cardiac mass Is again obtained. 

Usually 30 to 40 feet of film, at the rate 
of 15 frames per second will record a rou- 
tine cardiac cinefluorographic examination. 
At 110 kv., the ma. will fluctuate between 5 
and 15 for an average-sized individual. 
Total radiation exposure averages about 
sor in air, delivered to a constantly chang- 
ing skin field through a portal 4.75 inches 
in diameter. 


RESULTS 


Table 1 compares by decades the inci- 
dence of coronary calcification between the 
control and heart disease groups. Both 
groups showed a steady rise in coronary 
calcification with age up to a peak in the 
sixty to sixty-nine year group, followed by 
a drop in the seventy to seventy-nine year 
group. The slight differences in the per- 
centages between the control and heart 
disease groups are not significant. Both 
groups showed an average incidence of 
coronary calcification of 25 per cent in the 
forty to seventy-nine year age range. Of 
the 630 known or suspected heart disease 
patients on whom cinefluorographies were 
performed, 150 or 23.8 per cent showed 
coronary calcification. 

Table 11 shows the age distribution of 


Taste 


COMPARISON OF INCIDENCE OF CORONARY CALCI- 
FICATION BETWEEN CONTROL AND HEART 
DISEASE GROUPS BY DECADES 


Heart Disease 
Control Group* 


Age 60 Patients Groupf 
Groups 630 Patients 
(per cent) (per cent) 
20-29 
30-39 
40-49 
50-59 27 22 
60-6y 40 36 
7O-79 20 32 
40 


* No detectable heart disease. 


T Suspected or known heart disease of various types including 
arteriosclerot 1c, 
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TaBLe II 


AGE DISTRIBUTION OF PATIENTS IN HEART 
DISEASE GROUP USED FOR CLINICAL 
CORRELATION STUDY 


No Coronary 
Calcification 


Coronary 
Calcification 


Age Groups No. in Per Cent No. in Per Cent 
Each in Each Each in Each 
Age Age Age Age 
Group Group Group Group 


20-29 5 6 
30-39 7 5 12 15 
49-49 8 5 15 19 
50-$9 22 1§ 13 16 
60-69 92 61 28 35 
70-79 17 11 6 8 
80-89 4 3 1 I 

150* 100 8ot 100 


* Two females were included in this group. 

+ Selected at random from those patients in the heart disease 
group in whom no coronary calcification was demonstrated. 
Three females were included in this group. 


the 150 patients with coronary calcification 
and the 80 randomly selected patients with- 
out calcification, all within the heart dis- 
ease group. The sixty to sixty-nine year 
age bracket contained the largest number 
of patients in both groups. There were more 
younger patients among those without 
coronary calcification than among those 
with calcium. This produced an average 
age difference of about ten years (62.4 years 
as compared to 52.5 years) between the 
two groups. A comparison of the signs and 
symptoms of ischemic heart disease be- 
tween these groups was, therefore, made 
by decades rather than by total numbers. 

Table 11 compares those patients with 
coronary calcification and those in whom 
no calcification was found with respect to 
incidence of angina, electrocardiographic 
evidence of old or new myocardial infarc- 
tion, and clinical diagnosis of ischemic heart 
disease. Age groups twenty to twenty-nine 
and eighty to eighty-nine were omitted be- 
cause of an insufficient number of patients 
in those decades. The table shows a sub- 
stantially higher incidence or arterioscle- 
rotic heart disease in all age groups in those 
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TABLE III 


Dec EMBER, 


INCIDENCE OF ANGINA, ELECTROCARDIOGRAPHIC EVIDENCE OF MYOCARDIAL INFARCTION AND CLINICAL 
DIAGNOSIS OF ARTERIOSCLEROTIC HEART DISEASE IN PATIENTS WITH AND WITHOUT CORONARY 
CALCIFICATION AT CINEFLUOROGRAPHY 


Age Groups* 


Angina 
(per cent) | (per cent) | 


Calcification 
(150 


Infarctt | 


Heart Disease 
(per cent) 


Angina 
(per cent) 


No Calcification Seen 


Infarctt 
(per cent) 


Arteriosclerotic 
Heart Disease 
(per cent) 


30-39 42.9 28.6 | 
40-49 50.0 50. 
50-59 36.7 18.9 
60-69 at.3 
70-79 41.2 | 


* Age groups 20-29 and 80-89 omitted because of insufficient number of patients in these decades. 
5° 


t No electrocardiogram available in 4 patients. 
t No electrocardiogram available in 3 patients. 
§ Represents 2 patients with angina due to rheumatic aortic 


cases where coronary calcium was demon- 
strated at cinefluorography. This difference 
was particularly high in the younger age 
brackets, thirty to thirty-nine and forty to 
forty-nine years. 

Table tv shows that the incidence of clini- 
cally manifested ischemic heart disease 


rises in direct relation to the number of 


coronary branches exhibiting calcium on 
cinefluorograms. The amount of coronary 
calcium in any one branch appeared to show 


no definite correlation with the presence of 


clinical arteriosclerotic heart disease. 

Table v shows the distribution of cal- 
cium among the three main coronary 
branches in 150 patients with coronary 
calcifications. The left anterior descending 
branch was the most frequent site of coro- 


50.0 13.38 0.0 | 0.0 
45.5 30.8 1$.4 38.5 
§2.9 0.0 | 0.0 16.7 


stenosis. 


nary calcification; the right main artery and 
the left circumflex branch were second and 
third, respectively. Most of the calcium 
was usually confined to the proximal por- 


TABLE V 


DISTRIBUTION OF CALCIUM AMONG CORONARY 
ARTERIES AS SEEN AT CINEFLUOROGRAPHY 
IN 1§0 PATIENTS 


Times Calcified 
Left anterior descending artery 1 36* 
Right main coronary artery 59 
Left circumflex artery 25 
Two arteries 36 
Three arteries 13 


* Includes calcium tn left main coronary artery. 


TaB_Le IV 


RELATION OF EXTENT OF CORONARY CALCIFICATION AT CINEFLUOROGRAPHY TO INCIDENCE OF CLINICAL 
DIAGNOSIS OF ISCHEMIC HEART DISEASE 


No. of Coronary ‘ities 
Calcified at 
C 


No. of Patients 


No. of Patients with 


Arteriosclerotic Heart Per Cent 


Disease 
$3 52 
4 
83 


| 
| 
| 
| 
| | | | 
; 
= 
at 
36 
, 
rhree 13 
Total 150 
‘ 
— 


1961 


Vor. 86, No. 6 


tion of each artery. Two main branches 
were calcified in 36 patients and all three in 
13 patients. 

Table vi is a correlation of the presence 
of calcification at cinefluorography with the 
degree of coronary atherosclerosis found at 
autopsy in 1§ patients. Table vir shows the 
correlation between the absence of calcifi- 
cation at cinefluorography and the state of 
the coronary arteries and the myocardium 
at necropsy in 6 patients. Table v1 shows 
the exceptionally high correlation of coro- 
nary calcium seen 77 vivo with moderate to 
severe coronary atherosclerosis at  post- 
mortem examination. Table vi, on the 
other hand, indicates that the absence of 
coronary calcium appears to point to nor- 
mal coronary arteries. The tables also show 
that heart enlargement did not appear to 
interfere with the cinefluorographic recog- 
nition of coronary calcium as much as 
expected. 


DISCUSSION 


In order to demonstrate even slight 
amounts of coronary calcification and 
many calcifications as possible, a definite 
sequence of cinefluorography, with all the 
positions outlined previously, should be 
used. It is important in ascertaining the 
presence of coronary calcification to scru- 


tinize the location, movement and form of 


the calcific 

Examples of location and movement are 
shown in Figures 1-4. The form of calcium 
deposition varies from long densities com- 
posed of parallel interrupted lines resem- 
bling sclerotic extremity arteries to the 
fleck of calcium seen in a minimally calcified 
left coronary artery when it is foreshort- 
ened in the left anterior oblique view. The 
curvilinear character of coronary calcifica- 
tions aids in their detection. 

Although with cinefluorography the de- 
tection of coronary calcification has been 
greatly improved as shown by our discovery 
of coronary calcium in 25 per cent of a 
group of males without heart disease, the 
method by no means visualizes all coronary 
calcium present. Blankenhorn and Stern* 
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found that 80 per cent of 76 patients, the 

majority of whom were over forty years of 
age and had died of various cardiac and 
noncardiac causes, showed coronary cal- 
cium on roentgenograms of the heart after 
removal from the cadaver. 

The calcium which is demonstrated by 
cinefluorography seems to consist of larger 
plaques, probably at least 2 to 3 mm. in 
size,*!* and, judging from our autopsy 
series as well as other studies,':!* its pres- 
ence indicates considerable intimal athero- 
sclerosis and coronary stenosis at the points 
of calcification. 

There are many factors aside from the 
small size of the calcification which may 
be responsible for nondetection of coronary 
calcification by cinefluorography.’ These 
are obesity, cardiomegaly, pulmonary con- 
gestion and effusion, pulmonary and pleural 
disease of noncardiac origin, failure to ex- 
amine the heart in all positions, and inat- 
tentiveness or inexperience on the part of 
the observer. 

The increasing incidence of coronary 
calcification with age is well known!®" and 
is shown in Table 1. The drop in incidence 
between the seventh and eighth decades in 
our series, if real, makes one speculate that 
an increased death rate from ischemic 
heart disease during the seventh decade 
may have produced this drop and that per- 
haps this decade represents a critical period 
in those with coronary calcification. 

We found a much higher prevalence ot 
clinical ischemic heart disease in patients 
with coronary calcification than in those 
without calcium (Table 11). This differ- 
ence was even higher than expected. Fifty- 
eight per cent of 150 patients showing 
coronary calcium on cinefluorograms were 
diagnosed as having clinical ischemic heart 
disease as compared with 39 per cent of a 
comparable group without coronary calci- 
fication. 

The direct relationship between the 
number of calcified coronary branches 
found at cinefluorography and the incidence 
of arteriosclerotic heart disease (Table Iv) 

was expected. Not only did 11 of 13 patients 
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CORRELATION OF PRESENCE OF CORONARY CALCIFICATION AT CINEFLUOROGRAPHY WITH STATE OF 
CORONARY ARTERIES AND MYOCARDIUM AT AUTOPSY 


At Cinefluorography 


| At Autospy 


66 


64 


66 


Moderate 
enlargement 


Generalized 
enlargement 


No enlargement 


Heart Size 


Generalized 
enlargement 


Left ventricular fo) 
enlargement 


Left ventricular 2+ 


aneurysm 


Severe 
| enlargement | 


No enlargement 1+ 


Moderate left 1+ 
ventricular en 


largement 


Left ventricular 2+ 


enlargement 


ventricu 


Generalized left | 1+ 


lar en 


largement 


Slight 


enlargement 


No enlargement 24+ 


| Left ventricular 1+ 


Left ventricular 
enlargement 


enlargement 


Degree of 
Calcification 


Left | Right 


2+ 


Left Coronary Artery Right Coronary Artery 


| 
| 


Fresh occlusion 6 cm. 
from ostium 


80% occlusion of anterior descend- 
ing artery; complete occlusion of 
circumflex 


Marked atherosclerosis of coronary arteries with numer- 
ous areas of pin-point narrowing 


| descending and circumflex arteries | 


Anterior descending and circum- | Moderate sclerosis; 
flex arteries densely calcified; maxi- | narrowed to 15% of 
mum narrowing in anterior descend- | normal 

| ing artery 40% of original lumen 

| | 

| Minimal sclerosis at bifurcation; | Ostium so‘; nar- 

| otherwise normal rowed by sclerosis 


Coronary arteries mildly sclerotic but wide open 


Moderate to severe atherosclerosis in all branches with 
scattered calcium in all branches 


occluded 2 cm. 


Xo’; obliteration of anterior de 
scending artery 2cm. from ostium; | from ostium 


circumflex sof; occluded 


| 
l.umen of anterior descending artery} Narrowed by 
| 
about of normal; circumflex} 
least affected 


Calcification in anterior descending| Calcification ir med 


and umflex arteries about acm for 4 om. bevond os 


in length } tium 


Anterior descending artery severely | Norma! 


sclerotic 


Coronary arteries showed considerable amount of calcifica- 
tion in 


narrowed 


their walls but the lumina not appreciably 


Atherosclerosis but 
no calcium 


Minimal calcification tn first 2 cm. 
of anterior descending branch 
Severe calcification of both coronary arteries with marked 
narrowing but no occlusion 


Coronary arteries widely patent throughout; calcification 
and stenosis of aortic valve 


| Marked atherosclerosis of anterior | Relatively uninvolved 


Myocardium 


Scarring 


Fresh infarct in sep- 
tum; fibrosis of left 
ventricular myocar- 
dium 
Complete loss of 
myocardium along 
lateral wall of left 
ventricle 


Diffuse fibrosis of 
myocardium 


| Normal 


Normal 


Thinning over dis- 
tal two-thirds of lat- 
eral wall of left ven- 
tric le 


labby; microscopic 
study showed focal 
scarring and loss of 
cardiac muscle 


Extensive fibrosisin 
lower two-thirds of 
septum and apex 


Thinning at apex of 
left ventricle about 


cm. in clameter 


Apex of left ven- 
tricle thinned to 4 
mm. 


Three small patches 
of hemorrhagic soft- 
ening in left ventric- 
ular wall 


Neyative 


Slight softening of 
left ventricle pos- 
teriorly 


Normal 


| 
| 
No. | | 
| 
| 69 | i+ | 2+ 
6 | 65 | | 
| 
64 
| | | 
} | | 
| 
Ic |, 
| | | 
= 
j 
2 | 6 | | 3+ i+ | 
| 
| 
| 62 it | 
| } 
— | | 
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CORRELATION OF ABSENCE OF CORONARY CALCIFICATION AT CINEFLUOROGRAPHY WITH STATE OF CORONARY 


No. |- 
| Age 
I | 59 
| 
2 | 40 
3 | 7 
4 | 5! 
5 
6 | 


Fic. 1. Posteroanterior view showing the movement 
and position of the coronary arteries. 


| At Cinefluc 


| Size of Heart 


Generalized 
enlargement 


No 
enlargement 


Generalized 
enlargement 


No 
enlargement 


Generalized 
enlargement 


| Enlarged 


yrography 


ARTERIES AND MYOCARDIUM AT AUTOFSY 


| At Autopsy 


Left Coronary Artery | Right Coronary Artery 
Anterior descending artery | Extreme atherosclerosis 
markedly sclerotic; lumen | 
of circumflex less than 50% 
of normal - 


Normal | Normal 


| Coronary arteries very patent with no evidence of 
| atheromatous degeneration 


| 
| Normal | Normal 


| 


Normal Normal 


Coronary arteries patent except for small segmental 
narrowing of anterior descending branch about 1.0- 
0.§ cm. from ostium 


Myocardium 


Large infarct in pos- 
terior wall of left ven- 
tricle 


Normal 


Normal 


Thinning of interven- 
tricular septum 


| Normal 


Circumflex Br. 


of Left Corona 
@ 


Fic. 2. 


Right 


Coronary 


Right anterior oblique view showing the 
position and movement of the coronary arteries. 
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Circumf lex Br. 


Left anterior oblique view showing the 
position and movement of the coronary arteries. 


Fic. 3. 


(83 per cent) with all three major branches 
calcified carry a clinical diagnosis of arterio- 
sclerotic heart disease (in contrast to an 
over-all arteriosclerotic heart disease inci- 
dence of 58 per cent in the 150 patients 
with coronary calcium), but these 13 pa- 
tients also had an infarct incidence of 50 
per cent (in contrast to an over-all infarct 
percentage of 30.7 in the 1 $0 patient group). 
This observation could represent an im- 
portant factor in the individual prognosti- 
cation of the risk of arteriosclerotic heart 
disease and myocardial infarction when 
using cinefluorography as a_ screening 
method. 

The left anterior descending coronary 
artery was found to be the most commonly 
calcified branch (Table v), which agrees 
with autopsy studies.*:!?" 

Autopsy studies shown in Table vi indi- 
cate that 13 of 15 patients with coronary 
calcium seen at cinefluorography had 
moderate to severe atherosclerosis of the 
coronary arteries. Of the remaining 2 
patients, one had mild coronary sclerosis 
while the other had normal coronary arter- 
ies but had calcification and stenosis of 
the aortic valve. This last case probably 
represents either an error in locating the 
calcium on the part of the radiologists, or a 
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negative error on the part of the patholo. 
gist. 

Most of the patients in whom moderate 
to severe coronary atheromatosis was 
found at autopsy also had marked narrow. 
ing of one or more coronary branches. Ten 
of the 13 patients had localized or diffuse 
myocardial fibrosis. Ten also had cardiac 
enlargement of various degrees which ap. 
parently did not interfere with the detec. 
tion of coronary calcium at  cinefluorog. 
raphy. 

A recent pathologic study of 667 post- 
mortem hearts of individuals, fifteen years 
of age and older at a New York State hos- 
pital, also revealed a relationship between 
the presence of coronary artery calcifica- 
tion and myocardial infarction, as well as 
increasing probability of infarction with an 
increase in the number of coronary arteries 
calcified." 

To further attest to the accuracy of cine- 


4 


Branch 


Fic. 4. Left lateral view showing the position and 
movement of the coronary arteries. The right 
coronary artery is usually anterior to the anterior 
descending branch of the left coronary artery in 
the left lateral view. In the case illustrated here 
an abnormally large left ventricle displaces the 
left coronary branch anteriorly. 
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fluorography in detecting coronary artery 
disease, 5 of 6 patients (Table vit) with 
known or suspected heart disease but with 
no calcium revealed at cinefluorography 
were found to have normal coronary arter- 
ies and myocardium at autopsy. In only 
one patient was severe coronary athero- 
sclerosis observed at necropsy which could 
not be detected during cinefluorography of 
the heart 77 vivo even after review of the 
cineluorogram. However, generalized car- 
diomegaly was present in this patient. 

We plan to follow those patients in this 
study in whom coronary calcification was 
revealed at cinefluorography but who, as 
vet, do not exhibit the signs and symptoms 
of ischemic heart disease. We will then 
compare them with a similar group of pa- 
tients without demonstrable coronary calci- 
fication with respect to time and manner 
of onset of clinical arteriosclerotic heart dis- 
ease. 

Since coronary arteriography at present 
is still unsuitable for routine use due to the 
complexity of the equipment and the haz- 
ard to the patient,”® the relatively simple, 
rapid, and innocuous method of cinefluor- 
ography may be the most efficient screening 
procedure for the detection of potential 
candidates tor arteriosclerotic heart disease 
at a time when no electrocardiographic 
changes or signs and symptoms are present 
to indicate the extent of coronary athero- 
sclerosis. 


SUMMARY AND CONCLUSIONS 


Carefully carried out cinefluorography of 
the heart revealed a high number of coro- 
nary artery calcifications. Cardiac enlarge- 
ment did not interfere as much as expected. 

Autopsies showed that visualization of 
coronary calcification on cinefluorograms 
indicated considerable coronary athero- 
sclerosis. 

In one-fourth of a control group of 60 
male patients between forty and seventy- 
nine years without detectable heart disease 
and one-fourth of a group of patients in the 
same age bracket with known or suspected 
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heart disease of various types including 
ischemic heart disease, coronary calcifica- 
tion was revealed at cinefluorography. 

Fifty-eight per cent of 150 predom- 
inantly male patients with coronary cal- 
cium found at cinefluorography had ar- 
teriosclerotic heart disease by clinical eval- 
uation as compared with 39 per cent of a 
comparable group without coronary calci- 
fication. 

There was a much higher incidence of 
angina and myocardial infarction in cases 
where coronary calcium was detected at 
cinefluorography. 

There was a direct relation between the 
numberof major coronary branchescalcified 
as revealed by cinefluorography and the in- 
cidence of clinically manifested arterio- 
sclerotic heart disease. Eleven of 13 men 
with three major branches calcified had 
signs or symptoms of ischemic heart disease. 

There appears to be a high correlation 
between coronary calcification as detected 
by cinefluorography and clinically mani- 
fested arteriosclerotic heart disease in males 
if heart disease is evident or suspected. 

Although cinefluorographic evidence of 
coronary calcium dy itself appears to be un- 
reliable for predicting the presence of 
symptomatic ischemic heart disease, it 
may prove to be a good indicator of poten- 
tial ischemic myocardial disease. 

Arthur Lieber, M.D. 

Department of Radiology 
Veterans Administration Hospital 
Minneapolis 17, Minnesota 
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IDIOPATHIC MYOCARDIAL HYPERTROPHY 


By MARVIN E. HASKIN, M.D.,* IRVIN IL. KRICHEFF, M.D.,* MARVIN A. SACKNER, M.D.,t¢ 
and BERNARD P. WIDMANN, M.D.* 


PHILADELPHIA, PENNSYLVANIA 


DIOPATHIC myocardial hypertrophy 
Backers to cardiac enlargement of un- 
known etiology in relatively young adults. 
Usually, a severe grade of congestive failure 
is present; however, some cases may pres- 
ent with only minimal signs of failure, while 
in others the course is dominated by the 
effects of pulmonary and systemic emboli- 
zation. By definition, the diagnosis ulti- 
mately rests on the exclusion of known 
cardiac disorders, although it has been 
shown that a presumptive diagnosis may be 
suggested from the clinical picture.* It is 
the purpose of this paper to call attention to 
certain previously undescribed roentgeno- 
graphic features which are of great aid in 
the ditterential diagnosis of this disease. 

MATERIAL AND METHODS 

An analysis of 21 cases of idiopathic 
myocardial hypertrophy yielded 13 cases 
with satisfactory chest roentgenograms.*® 
Four new cases were added to the group. 
Necropsy confirmation was obtained in 7 
cases. 

Most of the chest roentgenograms avail- 
able were posteroanterior teleroentgeno- 
grams. These were analyzed for cardiac 
size, specific chamber enlargement, aortic 
knob size, status of the pulmonary vascula- 
ture, and presence or absence of pulmonary 
infarction. These findings were then com- 
pared with the changes seen in patients 
with known heart disease of various causes. 

CLINICAL FINDINGS 

The patients ranged in age from twenty- 
eight to fittv-seven vears with a mean age of 
forty years. Thirteen were males and 4 were 
females. Nearly all were Negro, but this is 
true of the general patient population at 
our Institution. 


* Department of Radiology, Philadelphia General Hospital. I. Kricheff: Present address, Radiology Department, Columbia Presby- 


terian Medical Center, New York, New York. 


The symptoms and signs of this group of 
patients are summarized in Table 1. The 
most common symptom, dyspnea, is related 
to congestive heart failure. It is not un- 
usual to obtain a history of cardiac enlarge- 
ment discovered on routine examination 
several months to years prior to the onset of 
symptoms. Although mild antecedent up- 
per respiratory infections are frequently 
recalled, these patients do not usually have 
fever or active infection when cardiac 
manifestations develop. Attempts to iden- 
tify viral agents by serologic or culture 
methods have been unsuccessful. Alcohol- 
ism may be associated with this disease, but 
the nutritional status is good and avitami- 
noses are absent.* About 30 per cent of the 
patients die within one year of the onset of 
symptoms from intractable congestive 
heart failure or systemic and pulmonary 
emboli. 

Physical examination may demonstrate 


TaB_e 


CLINICAL FINDINGS IN 17 PATIENTS 


Symptoms and Signs No. Per Cent 
Dyspnea 16 94 
Rales 16 94 
Hepatomegaly 13 76 
Increased Jugular Venous Disten- 

tion 13 76 
Peripheral Edema 13 76 
Chest Pain 8 47 
Pleural Effusion 8 47 
Pulmonary Embolism 8 47 
Hemoptysis 7 41 
Alcoholism 5 29 
Antecedent Upper Respiratory 

Infections 5 29 
Systemic Emboli 5 29 
Ascites 4 24 
Digitalis Toxicity 4 24 
Myocardial Infarction I 6 


t Department of Medicine, Division of Cardiology, Philadelphia General Hospital. 
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the signs of congestive heart failure, e.g., 
rales, hepatomegaly, increased jugular ve- 
nous distention and peripheral edema, or 
may be completely negative except for 
cardiac enlargement. The point of maxi- 
mum impulse is usually diffuse and forceful; 
it is located outside the midclavicular line. 
The rhythm is generally a sinus tachy- 
cardia, but slows with digitalis therapy. 
Gallop rhythm is found in about §0 per cent 
of cases; organic murmurs are not heard. 

The electrocardiogram characteristically 
shows sinus rhythm and signs of left atrial 
and left ventricular enlargement. Cardiac 
catheterizations, ballistocardiograms, and 
pulmonary function tests are consistent 
with congestive heart failure.* 


PATHOLOGIC FINDINGS 


All 7 autopsied cases showed pancardiac 


hypertrophy and dilatation. The weights of 


the hearts ranged from 500 to g60 gm. with 
a mean of 600 gm. The pericardium was 
normal in all instances. The coronary 
arteries were widely patent and no occlu- 
sions could be identified. Only one case 
showed moderate atherosclerosis of the 
right coronary artery. The cardiac valves 
were normal except for functional dilata- 
tion of the rings. The endocardium was thin 
and smooth except in 4 cases where it 
underlay mural thrombi. These thrombi 
were located in the left ventricle in all cases, 
and, in addition, in the right ventricle in 
one case. The aortas were normal or showed 
minimal patchy atherosclerosis. Neither 
renal nor systemic vascular abnormalities 
suggested pre-existing hypertension. km- 
boli or infarction were distributed as fol- 
lows: pulmonary, 4 cases; renal, 3 cases; 
splenic, 2 cases; and mesenteric, 1 case. 
Histologic sections of the hearts showed 
myocardial hypertrophy with nonspecific 
tissue changes. Interstitial fibrosis was 
focal in6 cases and primarily subendocardial 
in one case. Viral cultures of the heart were 
negative in the 2 cases in which they were 
pertormed. 
A full discussion of the pathologic anat- 


omy of idiopathic myoc ardial hypertrophy 
has been given by E Ister and his associates,! 


ROENTGENOGRAPHIC FINDINGS 


A similar roentgenographic picture was 
found in over three-quarters of our cases, 
The findings are summarized in Table y, 
Left ventricular enlargement predominates, 
The diastolic overload on the left ventricle 
results in dilatation and elongation of jtg 
outflow tract. Thus, there is displacement 
of the cardiac apex to the left and down. 
wards. 

The right ventricle is moderately dilated, 
This results in prominence of that portion 
of the left heart border just above the left 
ventricle. The relatively normal pulmonary 
artery segment and the counterclock. 
wise rotation of the heart, caused by the 
markedly enlarged left ventricle, combine 
to preserve the “cardiac waist’ on the 
posteroanterior roentgenogram. In the pres- 
ence of pulmonary infarction with acute 
cor pulmonale, there is a further increase in 
the size of the right ventricle and pulmo- 
nary artery, and the cardiac waist is oblit- 
erated (see rig. 1, and £). 


Taste II 


ROENTGENOGRAPHIC FINDINGS IN I7 PATIENTS 


No. Per Cent 


Cardiomegaly 17 100 


Aorta 

Hypoplastic 65\77% 

Normal 2 12/ 

Enlarged 4 23 
Left Ventricular Hypertrophy 17 100 
Left Atrial Size 

Normal 9 53 

Minimal increase 6 35 

Moderate increase 2 12 
Right Ventricular Enlargement — 16 94 
Right Atrial Enlargement 2 12 
Main Pulmonary Artery 

Normal 65 

Increased size 6 35 
Pulmonary Vasculature In- 

crease 6 35 
Pulmonary Infarction 4 23 
Mesenteric Infarction I 6 
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—_ Fic. 1. (4) The typical picture of idiopathic myocardial hypertrophy is seen. There is biventricular en- 

the largement and a small aortic knob. Note the preservation of the cardiac waist. (B) Same patient as 4. 

res- Pulmonary infarction and acute cor pulmonale with considerable prominence of the pulmonary artery 

‘ute segment and increased right ventricular enlargement. 

ein 

no- ) The left atrium is slightly dilated. Angiocardiograms were performed on 3 

lit. Though this was not appreciated on all patients. There was marked dilatation of 
posteroanterior roentgenograms, the left the heart, especially of the ventricles. There 
atrium was seen to be enlarged in all cases was pooling of contrast medium on both 
of which right anterior oblique roentgeno- sides of the heart. This is similar to the 

, crams with barium in the esophagus were pooling and delayed emptying seen in 

= obtained, and in all autopsied cases. The congestive failure. No organic abnormali- 

nt right atrium is also slightly dilated. The ties were demonstrated. 


cardiac borders are sharply outlined (sten- 
ciled heart?) due to decreased pulsations of 
“0 the weakened heart muscle. 
| The aorta is of normal caliber and the 
aortic knob appears small relative to the 
enlarged heart. There is usually no aortic or 
valvular calcification.* The larger pulmo- 
nary arteries are normal; in one-third of the 
cases they were slightly prominent and 
were described as top normal. There is no 
roentgenographic evidence of pulmonary 
arterial or venous hypertension. The pul- 
monary veins are normal unless congestive 
failure or pulmonary infarction supervenes. 
Pulmonary infarcts were seen in 8 cases. 

* Two of our cases showed calcification in the aortic knob. 
We believe this to be an incidental finding. 


The following 2 cases were selected to 
illustrate the characteristic findings of this 
disease. 


REPORT OF CASES 


Case 1. This thirty-nine year old Negro fe- 
male was admitted to Philadelphia General 
Hospital in March, 1958 with a fifteen month 
history of gradually progressing congestive 
failure, not refractory to therapy. Seven weeks 
prior to admission she had a transient episode of 
right hemiparesis and loss of speech lasting two 
hours. 

Physical examination on admission revealed 
a well nourished female in moderate respiratory 
distress. The blood pressure was 110/88, respi- 
rations 24, pulse 100 and temperature 100.4° F. 
The neck veins were markedly distended even 
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Fic. 2. Case 1. There is biventricular enlargement, 
fullness of the pulmonary artery segment, and a 
small aortic knob. 


at 90°; a hepatojugular reflux was present. The 
lungs were clear to percussion and auscultation. 
: The apex beat was at the fifth interspace in the 
ai left midaxillary line. There was a grade 3, blow- 
.. ing systolic murmur heard to the left of the 
sternum in the fourth and fifth interspace which 
became accentuated with inspiration. There was 
questionable shifting dullness in the abdomen. 
A smooth liver edge was palpable 5 cm. below 
the costal margin. There was 2 plus to 3 plus 
pitting edema of the legs. No clubbing was 
noted. Neurologic examination was within 
normal limits. 

Extensive laboratory examinations including 
urinalysis, complete blood cell count, urea 
nitrogen, serum proteins, serology, antistrepto- 
lysin titer, antihyaluronidase titer, gastric 
washings for acid fast bacilli, sedimentation 
rate, gum biopsy, L.E. preparations were essen- 
tially negative. All serologic tests for viruses 
were negative except for the Coxsackie neutrali- 
zation test which showed titers of 1:8, 1:16 and 
1:64 on successive weeks. Electrocardiograms 
showed atrial disease and biventricular hyper- 
trophy. Roentgenograms of the chest showed a 
large globular heart (Fig. 2) and the typical 
findings of a small aortic knob with normal pul- 
monary vasculature. The venous pressure was 
165 mm. H,O; the circulation time (decholin), 
47 seconds. Cardiac catheterization was per- 
formed and the findings were consistent with 
congestive heart failure which persisted despite 
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vigorous therapy and she died on the twenty. 
sixth hospital day. 

The clinical diagnosis was idiopathic myo. 
cardial hypertrophy, Coxsackie myocarditis or 
rheumatic carditis. 

Necropsy. The pleural, pericardial and perj- 
toneal cavities were free of abnormal collections 
of fluid. The heart weighed 500 gm. and was 
globular in shape. The myocardium was firm, 
brownish and homogeneous throughout. The 
papillary muscles were flattened. The endo- 
cardium was smooth and transparent, except 
for an area underlying a mural thrombus in the 
anterior wall of the left ventricle. This throm. 
bus measured 3X5 cm. and extended from the 
heart to near the lower margin of the aortic 
valve. All four cardiac chambers, most notably 
the left ventricle, were markedly dilated. The 
valves were thin, delicate and normal in num- 
ber. The tricuspid orifice admitted three and 
one-half fingers. The coronary ostia were pat- 
ent; the coronary vessels were normally dis- 
tributed, thin-walled and patent throughout, 
The aorta and its main branches were lined bya 
smooth intima. The right lung weighed 350 gm., 
the left 280 gm. The liver weighed 1,410 gm, 
and was congested. The kidneys showed only 
old infarcts. No other significant abnormalities 
were present. 

Histologic examination of the heart muscle 
showed myocardial hypertrophy and _ focal 
interstitial fibrosis. The coronary arteries were 
normal. The lungs showed passive congestion 
and pulmonary atherosclerosis. Except for 
several old intarcts, histologic sections of the 
kidneys were normal. The other organs were 
unremarkable. 

Viral cultures of the heart were negative. 


Comment. The rising titer in the Cox- 
sackie neutralization test suggested current 
virus infection. However, the patient's 
symptoms and cardiac enlargement started 
long before these tests were pertormed. 
Apparently, the Coxsackie infection was 
merely an incidental finding in this case. 
This was borne out by the negative cul- 
tures for viruses from the heart muscle and 
the absence of inflammatory changes. 


Case ut. This thirty year old husky Negro 
laborer was admitted to Philadelphia General 
Hospital for the first time in September, 1953 
because of extreme dyspnea. He stated that he 
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was in good health until July, 1958 when he 
noted gradual progressive dyspnea which was 
incapacitating by September, 1958. He denied 
prior sore throat, rheumatic fever, hypertension 
or fever. 

Physical examination revealed a well nour- 
‘shed male in acute and chronic respiratory 
distress. The blood pressure was 110/80, the 
pulse 120, respirations 32 and temperature 
98.6° F. The fundi were normal. The lungs were 
clear to percussion and auscultation. The left 
border of the heart was percussed 12 cm. from 
the midsternal line. The rhythm was rapid and 
regular. No murmurs were heard, but a presys- 
tolic gallop and a paradoxical splitting of the 
second sound were present. The abdomen was 
distended and there was questionable shifting 
dullness. A firm round tender liver edge was 
palpated 5 cm. below the costal cage. The 
neurologic examination was within normal 
limits. 

The complete blood cell count, blood sugar 
and urea nitrogen and serology were normal. 
The electrocardiogram showed a persistent left 
bundle branch block, first degree heart block 
and atrial abnormality. Chest roentgenograms 
showed right and left chamber enlargement 
(Fig. 3). Fluoroscopy revealed poor cardiac 
pulsations. The venous pressure was 130 mm. 
H.O and increased to 170 mm. H.O on hepatic 
pressure. The circulation time (decholin) was 
forty-two seconds. 

The patient signed out against advice one 
week later and was readmitted to the Medical 
Service on October 3, 1958; the physical findings 
were essentially unchanged. Further laboratory 
studies included normal liver function tests, 
protein bound iodine, serum electrolytes and 
negative I... preparations. The patient was 
given digitalis and diuretics, but still continued 
to be in respiratory distress. Kor this reason, 
extensive pulmonary function tests were carried 
out and showed the findings associated with 
cardiac decompensation. 

The patient gradually improved with bed 
rest, but remained dyspneic, with a persistent 
tachycardia and gallop rhythm. He was dis- 
charged after six weeks, but a week later had an 
exacerbation of his symptoms and was admitted 


to another institution following a bout of 


hemoptysis. His condition continued to deteri- 
orate and he died in shock on November 18, 1958. 

The clinical diagnosis was idiopathic myo- 
cardial hypertrophy. 
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Fic. 3. Case 1. The heart shows the same configu- 
ration as in Case 1; however, the aortic knob is 
normal rather than small. 


Necropsy. Permission was granted to examine 
the heart only. The heart weighed 690 gm. and 
was greatly dilated. The pericardium and epi- 
cardium were normal. The myocardium was 
firm, reddish brown and homogeneous through- 
out. Histologic section showed hypertrophy and 
focal interstitial fibrosis. The endocardium was 
smooth and transparent. No mural thrombi 
were present. The valves were normal. The 
coronary arteries were normal in distribution. 
The walls of these vessels were smooth and 
showed no occlusions. 


The roentgenograms of 8 additional 
cases with typical findings are shown in 
Figure 4, 4-7, and of 4 other cases with 
nondiagnostic findings in Figure 5, 4—D. 


ROENTGENOGRAPHIC DIFFERENTIAL 
DIAGNOSIS 


Pericardial effusion is the most difficult 
and important differential diagnosis that 
must be made.?!° There have been several 
cases reported wherein pericardiocenteses 
were attempted on patients with idiopathic 
myocardial hypertrophy. Ditfuse enlarge- 
ment of the cardiac shadow with no venous 
congestion, sharply outlined heart borders, 
and decreased to absent cardiac pulsations 
fluoroscopically are common to both idio- 
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Kic. 4. (4-D) These cases show the fairly typical cardiac silhouette seen on the posteroanterior chest roent- 
genogram. Note the biventricular enlargement with left ventricular predominance. The heart outline is 
very sharp. Despite the fullness of the pulmonary artery segment, the cardiac waist is still somewhat 
preserved. The aortic knob is small. The pulmonary vasculature is normal. C shows one of the 2 cases 


with calcification in the aortic knob, 


pathic myocardial hypertrophy and_peri- 
cardial effusion. In pericardial etfusion the 
cardiac waist may be quite broad and there 
is frequently a loss of the angle made by the 
shadow of the descending aorta crossing 
behind the left heart border (Fig. 6). In 


moderate sized effusions, the normally 
acute right cardiodiaphragmatic angle be- 
comes obtuse. As the effusion increases, 
the pericardium bulges laterally beyond its 
diaphragmatic attachment and the angle 
again becomes acute. In cardiac dilatation 
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4. Additional cases showing similar changes. 


the angle becomes progressively more 
acute, as it does in large effusions, but it 
never becomes obtuse. In tuberculous 
pericardial effusion and myxedema _peri- 
cardial effusion, the fluid frequently does 
not extend up to the base of the heart. 
This may be due to tuberculous adhesions 
| and the viscid character of myxedema 
effusions. In any ettusion where the base of 
the heart is not involved, it may be impos- 
sible to differentiate cardiac dilatation from 
pericardial effusion on the plain roentgeno- 
grams or by fluoroscopic examination (Fig. 
7). Where ditterentiation mav be in doubt, 
angiocardiography is diagnostic. The visu- 
alization ot awidened pericardial-myocardial 
shadow between the contrast medium in 
the right atrium and the outer cardiac 
border is essentially diagnostic of peri- 
cardial effusion. 

In pericarditis without effusion the heart 


is usually small. Pericardial calcification is 
common in tuberculous pericarditis. Car- 
diac catheterization reveals a characteristic 
pressure curve. 

Hypertensive cardiovascular disease 1s 
probably the most common cause of an 
enlarged cardiac silhouette in this age 
group.’ The diagnosis is usually obvious 
clinically. However, the “burned out” hyper- 
tensive may be clinically indistinguishable 
from the patient with idiopathic myocar- 
dial hypertrophy unless some residual 
tundoscopic changes are present. Definitive 
diagnosis is important from the prognostic 
point of view. The small or relatively small 
aortic knob of idiopathic myocardial hyper- 
trophy is in marked contrast to the promi- 
nent aortic knob seen in hypertensives. In 
hypertension the left ventricle is the only 
chamber to enlarge initially. The right 
ventricle and left atrium enlarge quite 
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Fic. 5. These are cases with atypical nondiagnostic roentgenographic findings. (.4) The aortic knob is 
enlarged in proportion to the left ventricle. (B) The right ventricle is larger than usually seen; however, 
the aortic knob is small. (C) This is one of the cases which showed arteriosclerotic changes. Note the aortic 
calcification. (D) The right ventricle is usually prominent. The aortic knob is normal. 


late in the course of the disease (Fig. 8). 
Fluoroscopically the hypertensive heart 
will exhibit normal or increased pulsations 
until late when the dilated and weakened 
heart shows decreased pulsation. 

Myocarditis may give a roentgen picture 
indistinguishable from idiopathic myo- 
cardial hypertrophy. However, these pa- 
tients are febrile and toxic. Electrocardio- 
graphic changes may help separate these 
entities.° 


Collagen vascular diseases may cause 
enlargement of the cardiac silhouette. 
Lupus erythematosus does so peri- 
cardial effusion, and the cardiac findings are 
no different from those of other effusions. 
Scleroderma is the only other significant 
differential diagnosis in this group. The 
heart is commonly enlarged. Pulsations 
may be diminished due to collagenous 
involvement of the myocardium. The 
pulmonary artery segment is prominent in 
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patients with extensive pulmonary fibrosis 
or bronchiectasis.° There is usually involve- 
ment of many organ systems. The wide- 
spread stigmata of scleroderma are in such 
contrast to the local heart disease of idio- 
pathic myocardial hypertrophy that the 
diferential diagnosis is only rarely a prob- 
lem. 

Cardiac amyloidosis may also present 
with repeated bouts of congestive failure, 
frequently of an intractable nature. It 
usually recurs at an older age group (fifty— 
sixty years). These hearts are rarely as large 
as the hearts of idiopathic myocardial 
hypertrophy.* Atrial arrythmias are fre- 
quent. Gum biopsies and serum protein 
analysis may help in the differentiation. 


DISCUSSION 


Idiopathic myocardial hypertrophy is an 
eventually fatal disease of unknown etiology 
occurring in voung adults. It is far more 
common than the few reports in the litera- 
ture indicate. Discussions with colleagues 
at other institutions reveal that this entity 
is being recognized with increasing tre- 
quency. 


Fic. 6. Pericardial effusion. The cardiac shadow is 


enlarged and sharply outlined. The enlargement 
is diffuse. Note how the pericardial fluid has 
obliterated the normally sharp angle made by the 
shadow of the descending aorta crossing the left 
heart border. The right cardiophrenic angle is less 
acute than one would expect in cardiac dilatation. 
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kic. 7. Tuberculous pericardial effusion. The base 


of the heart is frequently spared due to pericardial 
adhesions preventing the movement of fluid. The 
cardiac configuration is identical with that seen 
in idiopathic myocardial hypertrophy. 


I'ic. 8. Hypertensive cardiovascular disease. The left 
ventricle is enlarged selectively. The aortic knob 
is prominent and is in proportion to the enlarged 
left ventricle. 
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The roentgenographic picture is that of a 
sharply outlined heart with diffuse ven- 
tricular dilatation (left ventricular enlarge- 
ment predominating), mild left atrial 
enlargement, occasional right atrial en- 
largement, a small aorta and somewhat 
prominent major pulmonary arteries. The 
frequency of pulmonary and_ systemic 
embolization is such that the combination 
of a cardiac silhouette as described above 
and pulmonary or mesenteric infarction 
occurring in a relatively young adult should 
make one strongly suspect idiopathic myo- 
cardial hypertrophy. 

When pericardial effusion is a prime 
consideration, angiocardiography can be 
diagnostic. 


SUMMARY 


The clinical, pathologic and roentgeno- 
graphic findings of idiopathic myocardial 
hypertrophy are presented with emphasis 
on the roentgenographic aspects. Two 
typical cases are included. 

Bernard P. Widmann, M.D. 
Radiology Department 
Philadelphia General Hospital 
Philadelphia 4, Pennsylvania 


We would like to thank Drs. Mary Ellen 
Johnson, William Kanenson, Truman G. 


Schnabel, Jr., Alfred Spivak and Lyle Sensen- 
brenner for allowing us to report the case his- 


Sackner and B. P. Widmann 


DECEMBER, 1964 


tories in detail. We would also like to thank 

Drs. Samuel Bellet, Morton Robinson and 

David H. Lewis for their help in the study of 

these cases. 

REFERENCES 
1. Becker, B. J. P., CHarcipakis, M. B., and 
van Lincen, B. Cardiovascular collagenosis 
with parietal endocardial thrombosis. Cireua. 
HON, 1953, 7, 345-356. 
BricbeEN, W. Uncommon myocardial diseases, 
Lancet, 1957, 2, 117g-1184. 

3. Davies, R. R., Marve, R. J., and Genovese, 
P. D. Heart disease of unknown etiology, 
Am. Heart }., 1951, 42, 546-565. 

4. Evsrer, S. K., Horn, H., and TucuMan, L, R. 
Cardiac hypertrophy and insufficiency of un- 
known etiology; clinical and pathological 
study of to cases. 4m. ‘7. Med., 1955, 78, goo~ 


te 


922. 

FrieDBERG, C. K. Diseases of the Heart. Sec. 
ond edition. W. B. Saunders Company, 
Philadelphia, 1956, pp. 624-630. 

6. Gonpos, B. Roentgen manifestations in pro- 
gressive systemic sclerosis (diffuse sclero- 
derma). Am. J. RoENTGENOL., Rap. THERApy 
& Mep., 1960, 84, 235-247. 

7. Osserman, E. F. Plasma-cell myeloma. II. Clini- 
cal aspects. New England ‘f. Med., 1959, 261, 
952-960. 

8. Sackner, M. A., Lewis, D. H., Rosrnsoy, 
M. J., and Betier, S. P. Idiopathic myo. 
cardial hypertrophy. 4m. ‘7. Cardiol., 1961, 7, 
714-723. 

g. Saputr, O. Myocarditis. Arch. Path., 1941, 32, 
1000-1051. 

10. Serpin, R. A., and Cuoynackt, B. Idiopathic 
cardiac hypertrophy. New England ‘f. Med.. 
1955, 252, 1lO-13. 


: 
| 
| 
| 
| 
( ) 
ey. 
: 
fy 


Vou. 86, No. 6 


STAPHYLOCOCCAL PNEUMONIA IN ADULTS* 
A REVIEW OF 102 CASES 


By ROBERT M. WITTA, M.D., ROBERT R. CARTWRIGHT, M.D., and JAMES G. DAVIS, M.D. 


LOS ANGELES, CALIFORNIA 


ECAUSE of the paucity and variance of 

reported cases (a total of 88 cases in 
fourofthe largest series in the literature)? 
of a serious disease of rapidly increasing 
frequency, the cases of staphylococcal 
pneumonia in adults seen at Wadsworth 
Veterans Administration Hospital during a 
seven vear period (1953-1959) were re- 
viewed. Table 1 compares our findings with 
those in four other adult series and in one 
large series composed of children. The 102 


cases reported here represent approxi- 
mately half of the total cases admitted; the 
remainder could not be reported because of 
the loss or transfer of charts and roentgeno- 
grams. 


MATERIAL 


All patients were male, ranging from 
eighteen to eighty-two vears of age (79 per 
cent were fifty-five vears or older). Hemo- 
lytic coagulase positive staphylococci were 
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MORTALITY AND CALCULATIONS OF STAPHYLOCOCCAL PNEUMONIA 


In Adults 


Bron- 
Mortal- Lung Empye- Pneuma- pgysion Pneumo- chopleu- Atelec- 
No. of ity Abscess ma tocele thorax ral tasis 
Author é 
Cases fistula 
(per (per (per (per (per (per (per (per) 
cent) cent) cent) cent) cent) cent) cent) cent) 
Present Series 102 60.5 24. 7.8 I 37.2 fe) fe) 21.6 
(1963-1989) 
Ede et al.’ 36 2.8 8 27.7 ; 22 25 257 NA 
Fisher ef al. 21 67 43 19 NA NA NA NA NA 
Gold and 13 15.4 23 NA 23 NA NA NA 
Davis® (1957-1958) 
Hausmann 18 ) 27 11 NA NA 5.5 5.5 NA 
and Karlish® (1952-1954) 
In Children 
Rebhan and 329 14.3 21 8.8 NA NA 41 4.9 NA 
Edwards! (1950-1958) 
(Present on admission) (7) (NA) (6.2) (55) (21) (0) (15.2) 


* 


+ Reported as pyopneumothorax. 


NA—Figures not available. 


* From Wadsworth Hospital, Department of Radiology, Veterans Administration Center and the Department of Radiology, Uni- 


10 Cases came to postmortems; g had lung abscess. 


versity of California at Los Angeles, Medical Center, Los Angeles, California. 
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cultured in all patients from the following 
sources: sputum, 90 per cent; blood, 23.5 
per cent; pleural effusion, 6.8 per cent; 
bronchi, 6.8 per cent; lung abscess, 4.9 per 
cent. Cases of both primary pneumonia (83 
cases) and secondary pneumonia (.§ cases), 
i.e., those with previous or coexisting 
staphylococcal infection elsewhere in the 
body, were included in the series, with 4 
classified as uncertain as to type. The 
marginal punch card system of recording 
data was used. 
INCIDENCE 

Prior to 1950 very few cases of adult 
staphylococcal pneumonia  unassociated 
with an influenza epidemic were reported. 
In more recent literature, cases of staphy- 
lococcal pneumonia in infants are legion; 
however, the authors reporting on adult 
staphylococcal pneumonia infer that this is 
a relatively rare disease. In recent years 
there has been a rapidly increasing inci- 
dence. In our series, 52 per cent of the cases 
occurred in 1959. 


PREDISPOSING FACTORS 


Gresham and Gleeson-White’* feel that 
alveolar edema may be the common de- 
nominator in a host of conditions that 
predispose a person to staphylococcal 
pneumonia: chronic lung or heart disease, 
coma, influenza, suppression of the cough 
reflex postoperatively, and old age and 
debilitation. Others agree that staphylococ- 
cal pneumonia is a major problem in pa- 
tients with a pre-existing complicating 
disease, and that when it does occur in 
these patients it is more likely to be fatal. 
This seems to be true, indeed, as 88 per cent 
of our cases had complicating diseases and 
the mortality rate was 65.5 per cent, 
whereas in uncomplicated cases the mor- 
tality rate was 25 per cent. Of those with 
complicating disease, 64.5 per cent had 
chronic lung or cardiovascular disease and 
22 per cent had malignancies. Other com- 
plications of lesser frequency were: cir- 
rhosis, diabetes, coma, uremia from chronic 
renal disease, blood dyscrasias, and general 
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debility. Only those cases with a significant 
titer were considered to have had influenza: 
of these there were 2. The Staphylococcus ag 
an opportunist invader now has the role 
previously played by the pneumococci in 
terminal infection. 

Similarly, those patients who have re. 
cently received antibiotics or steroids prior 
to the development of pneumonia, as well 
as those patients who develop staphvlococ. 

cal pneumonia while in the hospital (ie,, 
acquire a hospital organism), are generally 
agreed to be more prone to develop a more 
serious and fatal form of the disease. The 
mortality rate was 72.5 per cent in 29 
patients who had recent prior treatment 
with antibiotics, and 83 per cent in 6 pa- 
tients who developed staphylococcal pneu- 
monia while on steroids. The majority of 
our cases (§§ per cent) developed pneu- 
monia in the hospital. The mortality rate in 
this group was 71.$ per cent as compared to 
$3.5 per cent in that group which presented 
with pneumonia on admission. When 
pneumonia develops in a_ hospitalized 
patient who is on steroids or antibiotics, it 
should be considered staphylococcal until 
proved otherwise. 

CLINICAL FEATURES 

The clinical pattern of staphylococcal 
diseases is apparently changing in all age 
groups, although staphylococcal pneu- 
monia is a more protean disease in adults 
than in children, who still present a rather 
characteristic picture. Gresham? reports 
one extreme when he describes a ditterent 
clinical and pathologic picture which 
being seen in adult patients: sudden onset, 
rapid deterioration, a short course, and 
hemorrhagic consolidation, or a course 
similar to the classic description by Chick- 
ering and Park’ of patients developing 
staphylococcal pneumonia as a complica- 
tion of influenza. On the other hand, others 
describe a disease of insidious onset, pro- 
longed course, 
complications. Figures 1 and 2 show the 
type of onset, duration, and mortality for 
the present series. Although no striking 
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characteristic clinical pattern was noted in 
reviewing our cases, the fulminating form of 
pneumonia was more frequent in the last 
two years of the study as compared to the 
earlier years. 

The radiologist should be aware of the 
variable nature of this disease regarding the 
roentgen findings; they may be present 
prior to clinical onset or may be completely 
lacking or minimal, appearing several days 
later in a severely ill patient. He should be 
especially conscious of the fulminating type 
of this disease in which the clinical history 
of sudden onset and rapid deterioration 
may lead to the false diagnosis of pulmo- 
nary embolism, particularly in the post- 
operative patient, who not infrequently 
develops this complication." (Sixteen cases 
in this series developed staphylococcal 
pneumonia within a fifteen day postopera- 
tive period.) 


ROENTGEN FINDINGS 


Roentgen examination quite frequently 
suggests the diagnosis of staphylococcal 
pneumonia in children because of the ex- 
tensive and characteristic findings, particu- 
larly pneumatoceles and pneumothorax, 
present on admission. (See Table 1 for 
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NO. of CASES 


INSIDIOUS MODE RATE SUODEN 


- % MORTALITY 


ic, 1. Type of onset and mortality. 
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NO. of CASES 


DAYS 1-7 8-14 15-21 22-30 over 30 


- % MORTALITY 


Kic. 2. Duration and mortality. 


Rebhan and Edwards’ findings inchildren.) 
Adults, on the other hand, usually present 
with a nonspecific pneumonic infiltration 
which, in the majority of cases, becomes a 
bronchopneumonia indistinguishable from 
any other type of bronchopneumonia, 
except for the rapidly changing roentgen 
findings (Fig. 3, 4 and B) and the develop- 
ment of pleural effusion, which occurs much 
more commonly (37.2 per cent) than in 
streptococcal or pneumococcal pneumonia. 
In this present series, 98 per cent of the 
cases had bronchopneumonic infiltrates 
which were usually bilateral (68.5 per cent) 
(Fig. 4) and rarely segmental (4 per cent) in 
distribution. Regarding the amount of lung 
tissue involved, 59.5 per cent had diffuse 
involvement. 

Frequent roentgen studies are necessary 
in following this disease because of the 
rapid change with new areas of involvement 
(Fig. 3, 7 and B). This was seen in §4 per 
cent of our cases at some time during the 
course. 

The patient should not be discharged 
until his chest roentgenogram is completely 
clear. Six patients in this series who were 
clinically well were discharged before the 
chest roentgenogram showed complete 
resolution; all were readmitted with exacer- 
bation of pneumonia within one to four 
weeks. 

The development of pneumatoceles and 
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Fic. 3. Rapidly changing roentgen findings. (4) March 4, 1957: left upper lobe involvement; (B) March 6, 
1957: moderate clearing on the left with the development of right upper lobe involvement within two 


days. 


pneumothorax, so characteristic of staphy- 
lococcal pneumonia in infants, is rare in- 
deed in adults. Only 1 case had pneuma- 


Fic. 4. Typical roentgen findings. October 12, 1957: 
bilateral bronchopneumonia with multiple sites of 
involvement. 


tocele formation and there were no cases of 
pneumothorax. Because of the lack of 
distinctive features, except those mentioned 
above, the radiologist’s most important 
function is the early recognition of compli- 
cations most commen adults—lung 
abscess and empyema— and following their 
course. 
LUNG ABSCESS 

The ability of the Staphylococcus to 
create lung abscesses is primarily due to its 
exotoxins, which apparently have a dual 
action: (1) production of vasculitis and 
paralytic dilatation of capillaries and ven- 
ules, and (2) a direct necrotizing eftect on 
lung parenchyma.'® 

Meyers and Jacobson" state that “true 
lung abscesses occur more frequently in 
adults than in children.”” A comparison of 
this present series with that of Rebhan’s 
and Edwards" indicates only slightly 
higher incidence (3.5 per cent) in adults. 

Ede et report that “infiltrates which 
persist will usually demonstrate cavity 
formation within ninety-six hours.” Rapid 


| V 
‘ + 
- 
4 
| 
: 
: 
— 
ae 
a 
‘ 
: 


961 


n 
f 


ic. §. Rapid development of cavitation. (4) October 23, 1959: left lung clear; 
(B) October 26, 1959: multiple cavitations developing in three days. 


cavity formation (Fig. §,.7and B) occurred 
in approximately one third of our 25 cases 
of lung abscess (Fig. 6). However, this 
complication also appeared in some pa- 
tients after they had had pneumonia roent- 
genographically demonstrated tor over a 
month (Fig. 7, 7-D). Figure 8 indicates the 
roentgenologic duration of cavities once 
they appeared, usually at least four to six 
weeks in those patients surviving. 

Brock! states that the posterior segment 
of the right upper lobe is the area most 
frequently involved in staphylococcal lung 
abscesses. Our random distribution did not 
bear this out. In cases of secondary pneu- 
monia, 7.e., vascular embolism, there seems 
to be a predilection for the lower lobes, 
possibly due to the straighter course of the 
blood vessels. In addition, in cases of both 
primary and secondary pneumonia, multi- 
ple cavities were the rule. Bronchogenic 
spread undoubtedly accounts for the multi- 
plicity. The same patient may have all 
phases of development and healing going on 
at the same time. 

The characteristic “soap bubble” ap- 
pearance of staphylococcal cavities de- 
scribed by Brock! was not encountered in 
our series. By far the greatest number of 


our cases (72 per cent) had thick and some- 
times shaggy cavity walls. 

Not only morbidity but also mortality 
(71 per cent) was higher in patients devel- 
oping this complication. Indeed, the pa- 
tient’s life is in jeopardy until the lung 
abscess is roentgenologically demonstrated 
as being completely healed. 


EMPYEMA 


Kmpyema, the second most common 
complication (7.8 per cent) in our series, 


DAYS 
0-5 
6-10 
16-20 
LUNG ABECESSES 
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26-30 
OVER 
30 
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Fic. 6. Length of time between the onset of pneu- 
monia and the development of complications. 
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7. Late development of cavitation. (4) February 8, 195g: minimal findings on the right; (B) Feb- 


ruary II, 1959: rapid consolidation; (C) March 23, 19§9: persisting infiltration; (D) April 14, 1989: late 


cavitation after five weeks. 


may develop by rupture of a lung abscess, 
direct extension from the lung via the 
lymphatics, septic embolization, or con- 
tamination during thoracentesis for pleural 
effusion. Instances of all except the first 
(rupture of an abscess) were seen in our 
cases. 

Figure 6 indicates the length of time 
between the onset of pneumonia and the 
development of empyema; Figure 8 indi- 
cates the roentgenologic duration; and 
Figure 9, 7 and B shows the characteristic 


roentgen findings. Although the length of 
hospitalization and the morbidity are ap- 
palling, this appears to be in adults a less 
serious complication than lung abscess with 
regard to mortality (25 per cent). In chil- 
dren, on the other hand, empyema is much 
more serious, with a mortality rate of $0 to 
70 per cent. 

All of our cases of empyema were treated 
by surgical drainage. Betore ettective drain- 
age can be instituted, exact roentgen local- 
ization is necessary. This can be done in 
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most instances by plain roentgenography 
though, in low lying empyemas intimately 
associated with the diaphragm, injection of 
the empyema with contrast material prior 
to surgical drainage is important in order to 
avoid inadvertent puncture of the dia- 
phragm with resultant subphrenic abscess. 

In those cases where plain roentgenog- 
raphy is sufficient for localization, once 
drainage is established, the volume, extent 
and shape of the affected area can be deter- 
mined by injecting aqueous dionosil or 
other suitable contrast media (Fig. 10, 4 
and B). The volumetric studies thereafter 
can be performed with sterile saline solu- 
tion, but the initial examination must be 
done using a contrast medium and with the 
patient examined in the erect and decubitus 
positions to rule out a_bronchopleural 
fistula (Fig. 10 C) which, if present, would 
cause the lung to be flooded if saline solu- 
tion were injected blindly.'!? Roentgen 
studies with contrast material are repeated 
as necessary during the follow-up for two 
reasons: to rule out the possibility of the 
development of (1) a bronchopleural fistula, 
since the empyema will not heal as long as 
air is supplied to the space, thereby pre- 
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Kic. 8. Roentgenologic duration of complications. 


venting lung expansion, and (2) a blocked 
off area which, of course, would not drain 
because of lack of communication. 

The early roentgen diagnosis of compli- 
cating empyema will result in faster heal- 
ing, since surgical drainage can be insti- 
tuted before pleural thickening occurs and 
while the lung can still expand easily. 


SUMMARY 


A series of 102 cases of staphylococcal 
pneumonia in adults is reviewed and com- 


Fig. 9. A case of empyema which developed within one week after the onset of pneumonia and persisted 
tor twelve weeks. (4 and B) December 26, 1957: roentgenograms made midway in the course of the ill- 


ness show the characteristic roentgen findings. 
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ic. 10. Empyema cavity localized with con- 
trast medium. (4 and B&B) By the injection of 
positive contrast material through the 
drainage tubes, the extent and volume of the 
cavity are established. (C) Bronchopleural 
fistula demonstrated on the decubitus roent- 
genogram in the same case as 4 and B. 
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pared with four other series in adults and 
one large series in children. The increased 
incidence, protean nature, and clinical pat- 
tern of this disease are described. Because 
of the relatively nonspecific early roentgen 
findings, the radiologist’s role in the early 
recognition, localization, and follow-up of 
complications cannot be too highly stressed. 


Robert M. Wiita, M.D. 
Radiology Service 

Wadsworth Hospital 

Veterans Administration Center 
Los Angeles 25, California 
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SPONTANEOUS PNEUMOTHORAX AS A COMPLI- 
CATION OF PULMONARY METASTASES IN 
MALIGNANT TUMORS OF CHILDHOOD* 


By GIULIO J. D’ANGIO, M.D., and GUIDO IANNACCONE, M.D.7 


BOSTON, MASSACHUSETTS 


ANY malignant neoplasms of child- 
hood metastasize to the lungs, a vari- 
ety of secondary effects resulting from 
their presence. Such manifestations as 
bloody pleural effusion and compression 
atelectasis are common, but the develop- 
ment of spontaneous pneumothorax is not 
often encountered. De Barrin‘ was the first 
to report the occurrence of spontaneous 
pneumothorax in a patient with metastatic 
tumor in the lungs. Including the case re- 
ported by him, there have been 29 instances 
of this complication recorded in the liter- 
ature.!-8!°-17 Thirteen additional such pa- 
tients have been seen at The Children’s 
Hospital and the Children’s Cancer Re- 
search Foundation (Table 1). 
The primary tumors implicated in the 
cases heretofore reported were: osteogenic 


sarcoma, 9 patients; Ewing’s tumor, § pa- 
tients; “carcinoma” (type not specified), 3 
patients; leomyosarcoma, adenocarcinoma, 
and fibrosarcoma, 2 patients each; renal 
cell carcinoma, adrenal carcinoma, angio- 
sarcoma, rhabdomyosarcoma, Wilms’ tumor 
(adult type), and carcinoma “‘a cellules 
acidophiles,” 1 patient each. Of these 29 
patients, 7 of the 8 who were sixteen years 
of age or younger on whom sufficient infor- 
mation was supplied were found to have 
primary tumors in bone (Table 11). The 
experience at this institution has been 
similar. Nine of the 13 patients with spon- 
taneous pneumothorax had malignant neo- 
plasms of bone. 

In order to investigate this apparent 
association further, the records of the X- 
ray Therapy section were reviewed. The 


Taste I 


CHILDREN WITH SPONTANEOUS PNEUMOTHORAX COMPLICATING PULMONARY METASTASES 
AUTHORS’ SERIES 


Case Sex Age Type of Tumor Mann site of 
(yr.) Primary Tumor  Pneumothorax 

I R.B. M 16 Osteogenic sarcoma Left femur Right 

2 B.H. kk 14 Osteogenic sarcoma Left femur Bilateral 
3 J.P. M 13 Osteogenic sarcoma Left tibia Bilateral 
4 M.E. I 13 Osteogenic sarcoma Right tibia Left 

5 R.M. M 11 Osteogenic sarcoma Right femur Right 

6 B.S. M 10 Osteogenic sarcoma Right humerus Left 

4 LF. I 9 Osteogenic sarcoma Left ilium Bilateral 
8 S.B. I 10 Ewing’s tumor Left fibula Right 

9 M.O I 9 Ewing’s tumor Left humerus Right 
10 M.N I 6 Wilms’ tumor Left kidney Left 
II ta. M 5 Wilms’ tumor Left kidney Right 
12 M.DeM. Ff 5 Wilms’ tumor Left kidney Left 
13 M.C. J 11 Hemangioendotheliosarcoma Left thigh Right 


* From the Department of Radiology and The Children’s Cancer Research Foundation, The Children’s Hospital Medica! Center; 


and the Department of Radiology, Harvard Medical School, Boston, Massachusetts. 


This investigation was supported in parts by a research grant from the National Institutes of Health, USPHS ¢CY 3335 


+ Formerly, Fulbright Research Fellow in Radiology, Harvard Medical School and Fellow in Radiology, Children’s Hospital Medi- 


cal Center. Now at the Istituto di Radiologia dell’Universita-Policiinico, Rome, Italy. 
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II 


CHILDREN WITH SPONTANEOUS PNEUMOTHORAX COMPLICATING PULMONARY METASTASES 
CASES FROM THE LITERATURE 


| Site of | Site of 


Authors | Sex | (yr.) | Type of Tumor | Primary Tumor | Pneumothorax 

De Barrin* (1937) | M | 1§ | Fibroblastic sarcoma | Left pubic bone | Left 
Christmann ef a/.* (1950) M | 12 | Ewing’s tumor | Left calcaneus Right 
Leigh and Thompson? (1951) M | 11 | Osteogenic sarcoma Right tibia | Right 
Sherman and Brant’ (1954) 

Case 1 | M | 9 | Ewing’s tumor | Sacrum Bilateral 

Case 2 | M 16 Ewing’s tumor Sacrum Left 

Case 3 Ie | 9 | Osteosarcoma | Left tibia Right 
Engle® (1958) F | 15 | Osteogenic sarcoma | Femur Bilateral 
Torricelli and Canossi' (1958)| F | a1 | “Ewing’s tumor” | Soft tissues of Left 

| left shoulder 


ten year period 1948-1957 was selected for 
detailed study. During this interval, 381 
patients less than seventeen years of age 
with malignant neoplasms received roent- 
gen treatment. Some patients with cancer 
seen at this hospital are not included in the 
total since roentgen therapy was not re- 
quired during the course of their illness. 
Also not represented are those children with 
lymphosarcoma in whom acute leukemia 
became manifest. An additional 121 pa- 
tients (sg boys and 62 girls) had central 
nervous system tumors. This group has not 
been analyzed further since no pulmonary 
metastases developed in any patient. 

The roentgenographic findings of each 
child were reviewed with special attention 
to the demonstration of pulmonary metas- 
tases and an associated spontaneous pneu- 
mothorax. No pneumothorax con- 
sidered to be spontaneous if preceded by a 
thoracentesis on the same side. The results 
of this analysis, according to diagnosis, are 
given in Table 11. When referring to the 
table, it should be noted that absence of 
pulmonary metastases does not necessarily 
imply eventual survival of the patient. In 
fact, some of the children in this category 
died from the effects of local or dissemi- 
nated disease. 

A total of 7 cases of spontaneous pneu- 
mothorax associated with pulmonary metas- 
tases was encountered in the period under 


study. This represents 2 per cent of the en- 
tire group of 381 children, or 6 per cent of 
the 125 who developed metastases. Five of 
these 7 patients had primary bone tumors. 
Osseous neoplasms account for only 13 per 
cent of the 381 children and 28 per cent of 
the patients with pulmonary metastases. 
This compares with but one child with 
pneumothorax among the patients with 
Wilms’ tumor, which neoplasm comprises 
24 per cent of the total and 35 per cent of 
those with lung deposits. Children with 
diagnoses other than those already listed 
made up 63 per cent of the total and 37 per 
cent of those with metastases. Only one in- 
stance of spontaneous pneumothorax was 
found in this group. 

Since osteogenic sarcoma was the neo- 
plasm encountered most frequently in this 
connection, all children with this diagnosis 
who developed pulmonary lesions were 
studied in detail. The points considered 
were: age; sex; site of primary tumor; dis- 
tribution of the pulmonary metastases ac- 
cording to location within the inner, middle 
or outer third of the lung fields; and the 
osteoblastic, nonosteoblastic or mixed na- 
ture of these deposits. The interval between 
the onset of disease, the development of 
pulmonary lesions and the time of death 
was also investigated. No correlative factor 
was ascertained; the patients with pneu- 
mothorax were similar to those who died 
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Taste III 


ROENTGENOGRAPHIC INCIDENCE OF PULMONARY METASTASES AND OF PNEUMOTHORAX 
SELECTED GROUP OF 381 CHILDREN WITH MALIGNANT TUMORS 


No. of Cases 


No. of Cases with Lung No. of Cases with Pneumothorax 
Metastases 
Type of Tumor 
Site 
Total Sex Total Sex 
Sex| Right | Left Bilateral I 
Neuroblastoma 107 M_ 60 11 M 7 
F 4 ( 
Wilms’ tumor 92 |M 45! 44 |M 20|M 
47 24] 1 (Case 10) 
Bone Tumors 
Osteogenic sarcoma 27 M 12 19 |M_- 8&)| M |} 2 (Cases 1, 5); 1 (Case 6) 
F 15 I 11 | | 1 (Case 7) 
Ewing’s tumor 23 M 14 15 M 9 
4 | | | | 
9 6 | F | 1 (Case 8) 
4 | | 
Reticulum cell sarcoma | 1 M o | | 
| 
I 
Rhabdomyosarcoma | 14 2|M 1 
3 
| 
Teratoma 8 |M 4 5 |M 2] r 
Fo 4 | 
Hemangioendothelio- | 7 3 5 |M 3/M 
sarcoma 
I 4 I 2/F | 1 (Case 13) 
Mixed mesodermal tumor 6 M 5 2 M 2 
I 2) 
Angiosarcoma 5 M 1 2 M ) 
I 4 I: 2 
Adenocarcinoma 4|M_ 3 
Undifferentiated 4 M3 M3 
carcinoma I | F 
Neurofibrosarcoma 3 M 1 3 M 1 
I 2 I 2 
Undifferentiated sarcoma 3 M 2 1 |M o 
F I I I | 
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No. of Cases 
No. of Cases with Lung No. of Cases with Pneumothorax 
Metastases 
Type of Tumor ——____—___—— _-— 
Site 
Total Sex Total Sex caine 
Sex Right Left Bilateral 
fibrosarcoma 2 M 2 2 M 2 
I Koo 
Chondrosarcoma I M 1 I M 1 
| re) 
Miscellaneous carcinomas 14 M Io 5 M 5 
4 I 
Lymphoma and Allied 
Diseases | 
Lymphosarcoma |M it] 1 M 
|F 8] 
Hodgkin’s disease 18 |M 12 4 |M 2 
6 2 
Malignant lymphoma 14 |M 13 ° 
I 
Reticulum cell sarcoma 9 |M 4 ° 
(nonosseous) I 5 
Totals 381 M a a 126 M 67 4 2 I 
164 58 
with pulmonary metastases but with- Lodmell and Capps* encountered a patient 


out developing free air in the pleural cavity. 
However, the impression was gained that in 
children with osteogenic sarcoma, the first 
demonstrable pulmonary metastases are 
frequently located more peripherally than 
those originating from nonosseous neo- 
plasms. In fact, small subpleural deposits 
were often the first visible evidence of lung 
involvement. This distribution may be im- 
portant in explaining the genesis of pneu- 
mothorax in these patients. 

Thornton and Bigelow described a 
young adult with osteogenic sarcoma and 
spontaneous pneumothorax in whom a 
bronchopleural fistula was demonstrated at 
autopsy. The communication resulted from 
necrosis of a peripheral pulmonary nodule. 


who exhibited a similar process. In case 3 of 
our series, two bronchopleural fistulae were 
found at operation. They extended through 
friable tumor to the subpleural level where 
blebs then formed. These in turn ruptured 
into the pleural cavity (Fig. 1). While 
there is no doubt regarding the origin of the 
pneumothorax in this patient, the evidence 
obtained at autopsy in other children 
proved more difficult to interpret. Of the 11 
patients of this series who died, post- 
mortem examinations were performed in 7. 
Necrotic neoplastic tissue pouting into the 
pleural cavity was found in all. Rents 
could be seen extending deeply into some 
tumor nodules. These findings could be 
interpreted as evidence of antemortem 
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Fic. 1. Case 3. Metastatic osteogenic sarcoma tumor 
nodule in the periphery of the left lung (250). 
The normal parenchyma is almost entirely re- 
placed by masses of neoplastic cells. A fistula 
(arrows) extends from a bronchiole through friable 
tumor to the surface of the lung. (Air entered the 
pleural cavity via a ruptured subpleural bleb.) 


bronchopleural communication and thus 
explain the genesis of pneumothorax. How- 
ever, dense fibrous adhesions had made re- 
moval of the lungs difficult in most of these 
patients, and often the neoplastic tissue 
was very fragile and easily traumatized 
(Fig. 2). It is possible that the changes were 
artefactual and had been created at the 
autopsy table. In fact, rents and fissures in 
necrotic tumor nodules are seen not un- 
commonly in patients who never developed 
pneumothorax during life. It is therefore 
extremely difficult to positively establish 
the existence of an antemortem broncho- 
pleural fistula, despite careful postmortem 
examination. 

Lodmell and Capps*® found interstitial 
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air and subpleural blebs in 2 of their pa- 
tients. They believe that tumor nodules 
act as ball valves to produce partial bron. 
chiolar obstruction and hyperinflation of 
alveoli, thus initiating the mechanism de. 
scribed by Macklin,’ who attributes the de- 
velopment of interstitial emphysema to the 
overdistention and break-down of alveolar 
‘“non-partitional bases” with subsequent 
dissection of air along perivascular routes 
to the surface. Should the resulting sub. 
pleural blebs rupture, a pneumothorax re. 
sults. Pulmonary interstitial emphysema 
leading to subpleural bullae was not identi- 
fied before or after death in any child in 
this series. However, the autopsy findings 


Fic. 2. Case 6. Anterior surface of the left lung (post- 
mortem specimen). Dense adhesions obliterated 
much of the pleural cavity, and the lung was torn 
from its bed in removal. As a consequence, the 


upper corner of the figure. Many other metastases 
can be identified above the pleural level. 
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in another child were suggestive. Multiple 
3-4 mm. blebs of air were found over the 
anterior aspect of the mediastinum of this 
boy who had an osteogenic sarcoma and 
pulmonary metastases but who never de- 
veloped pneumothorax. 

The evidence derived from the 13 chil- 
dren here reported suggests that the devel- 
opment of bronchopleural fistulae is the 
more frequent way by which air reaches the 
pleural cavity. The communications result 
from either direct extension through the 
pleura or after the formation of blebs 
which in turn rupture. 

The clinical picture of spontaneous 
pneumothorax developing in association 
with pulmonary metastases shows many 
variations. Some of these are exemplified 
by reports of cases from the authors’ series 
(Table 1) which follow. 


REPORT OF CASES 


Case 3. J.P. This male patient, with onset 
of disease at the age of fourteen, twisted his left 
knee while playing and developed a painful 
limp. A roentgenogram showed a lesion in the 
proximal left fibula and a biopsy was performed. 
The diagnosis was osteogenic sarcoma. He was 
then referred to The Children’s Medical Center. 
Roentgen therapy was started, and 8,044 r were 
delivered to the left proximal tibia in 52 treat- 
ments over sixty-three days. Antitumor chemo- 
therapy was also given during this interval. He 
remained well until four months after the onset 
of disease when pulmonary metastases were 
discovered on the right. Three weeks there- 
after, roentgen therapy of the entire chest was 
started and 1,400 r were given in Io treatments 
over fourteen days. After an initial diminution 
in size, the deposits became larger and more 
numerous. Six weeks following completion of 
therapy, a silent right pneumothorax with 30 
to 40 per cent collapse of the underlying lung 
was identified roentgenographically. Spontane- 
ous episodes of improvement occurred over the 
ensuing four weeks, although bouts of coughing 
became increasingly troublesome. No  func- 
tional impairment was apparent despite roent- 
gen evidence of persistent residual free air in 
the pleural cavity. Suddenly, severe coughing 
spells and pain in the left shoulder became 
manifest, and another roentgenogram revealed 
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a tension pneumothorax on the left. There had 
been no definite prior roentgen evidence of left 
pulmonary involvement even as recently as 
nine days before. He was admitted to the hos- 
pital for observation and treatment. During the 
next three weeks, repeated left thoracenteses 
were performed with withdrawal of air, and 
tubes were inserted twice in an attempt to re- 
expand the lung. All these measures failed. In 
view of the persistent and uncontrollable bi- 
lateral pulmonary collapse, a left thoracotomy 
was done in order to identify and close the 
leaks. A subpleural emphysematous bleb meas- 
uring 3 cm. in diameter was found in the 
superior segment of the lower lobe. Air escaped 
through a round hole, about 0.5 cm. in diameter, 
at the apex of the bleb. No tumor was palpable 
in relation to this bulla, but microscopic exami- 
nation revealed a bronchopleural fistula through 
a tiny 4 mm. metastasis (Fig. 1). Another rup- 
tured bleb in relation to a metastasis, less than 
2 cm. in diameter, was found along the pleural 
surface of the lingula near its juncture with the 
upper lobe. These lesions and a third sub- 
pleural nodule were removed. The surface of 
the lung was then scarified and dusted with talc, 
and the chest was closed around two tubes. The 
left lung reinflated promptly and remained ex- 
panded throughout the ensuing five months of 
life. The pneumothorax on the right followed a 
variable course, but at no time cleared com- 
pletely. The patient continued to fail slowly 
and expired fifteen months after the first signs 
of disease. 


Comment. The uncontrolled tension 
pneumothorax on the left, added to the 
right pneumothorax, severely restricted 
functional capacity. There was also an 
ever-present danger of complete bilateral 
collapse. Hospital care was considered es- 
sential under the circumstances. All con- 
servative measures failed to secure re-ex- 
pansion on the left and thoracotomy be- 
came necessary to achieve this end. There 
followed prompt improvement, enabling 
the child to leave the hospital and remain 
at home for the remainder of his life. 


Case §. R.M. This male patient, with onset 
of disease at the age of eleven, was well until 
he began to complain of pain in the right knee. 
One month later, swelling of the part had be- 
come noticeable and a biopsy of the right distal 
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femur was performed. The microscopic diag- 
nosis was osteogenic sarcoma, and roentgen 
treatments were started, approximately 1,200 
r depth dose being given in fifteen days. The 
child was then brought to The Children’s 
Medical Center. Tumor chemotherapy was ini- 
tiated, and roentgen therapy directed to the 
distal femur was continued, using 2 mev. tech- 
nique.* An additional 6,000 r tumor dose was 
given, making a total of 7,200 r in fifty days. 
Six months later, roentgenograms showed a 
pulmonary deposit on the right, and four weeks 
thereafter, metastases were identified in the 
left distal femur. Fight months after the de- 
velopment of chest metastases and without 
prior symptoms referable to their presence, the 
patient suddenly became disoriented and _ per- 
spired profusely. This was accompanied by 
moderate pain in the right chest. The entire 
episode lasted about twenty minutes. He was 
admitted to the hospital the next day when a 
chest roentgenogram showed a massive right- 
sided tension pneumothorax. The lung slowly 
re-expanded over the next seven weeks. Chemo- 
therapy with various agents had been con- 
tinued throughout his course, but the chest 
metastases and those in the left femur con- 
tinued to enlarge. The right pneumothorax re- 
curred two weeks after it had been resorbed, 
and on this occasion a thoracentesis was done 
with removal of the free air. His status con- 
tinued to deteriorate rapidly and he died 
eighteen months after the onset of disease. 
Case 7. L.F. This female patient, with on- 
set of disease at the age of nine, was in good 
health until she suddenly complained of pain in 
the left thigh and inability to stand. Two weeks 
thereafter a mass along the left iliac crest was 
noted. Roentgenograms showed an extensive 
osteolytic lesion involving most of the wing of 
the left illum. No metastases in the lungs or 
elsewhere were present at that time. Radiation 
therapy of the ilium was started, and after a 
depth dose of 824 r in seven days, a biopsy was 
performed. The pathologic report was osteo- 
genic sarcoma. The patient was then continued 
on 2 mev. radiation therapy.* She received an 
additional 2,290 r (depth dose) in sixteen days 
and one month later 3,g00 r (depth dose) in 
twenty-nine days. Tumor chemotherapy was 


* Cases 5 and 7 were treated through the kind cooperation of 
Dr. Joseph Marks and associates of the New England Deaconess 
Hospital. 
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then initiated. She remained entirely well with 
no pulmonary symptoms until two months 
later, when she developed vomiting and slight 
pain anteriorly over the chest, which was ag. 
gravated by deep inspiration and coughing, 
Roentgenograms taken within the next tew 
days demonstrated a tension pneumothorax 
on the right with complete collapse of the lung 
(Fig. 3.4). The margins of the right lung showed 
numerous small metastatic nodules. These were 
also present on the left side. On the same day, a 
thoracentesis was performed on the right side 
and 600 ce. of air was removed. Two days there. 
after, however, a tension pneumothorax and 
complete collapse of the lung were again demon- 
strated on the same side. Nine days later there 
supervened nausea, vomiting, and greatly in. 
creased respiratory embarrassment. Roentgeno- 
grams showed a tension pneumothorax and com- 
plete collapse of the lung still present on the 
right side. A pneumothorax also was present on 
the left with about s0 per cent collapse. (Fig, 
3B). Bilateral thoracotomies for constant 
drainage of both pleural cavities resulted in 
considerable improvement. The tubes were re- 
moved when re-expansion was complete. Ten 
days later, pneumothorax recurred bilaterally, 
with more than $0 per cent collapse of the lungs 
on each side. The tubes were reinserted but only 
slight improvement resulted. She died one 
month later of severe pulmonary insufficiency, 
six months after the onset of disease. 

At autopsy, hydropneumothorax was found 
on both sides. Each lung was collapsed and ex- 
tensively involved with tumor masses. The 
visceral pleura appeared to be irregular and dis- 
rupted bilaterally due to necrotic tumor nod- 
ules and fibrous adhesions to the thoracic cage. 
Many of the pulmonary metastases in each 
lung showed necrotic centers. 

Case 8. S.B. This female patient, with on- 
set of disease at the age of ten, developed pain- 
less swelling of the left calf which, on roentgen 
examination, was found to be caused by a tumor 
in the fibula. This was biopsied and the micro- 
scopic diagnosis of Ewing’s tumor was made. 
Roentgen therapy was delivered to the entire 
left fibula over a thirty day period. The depth 
dose was calculated to be 6,400 r minimum and 
7,100 r maximum. Meanwhile tumor chemo- 
therapy was started. A mid-thigh amputation 
was then performed. Four months thereafter, 
pulmonary metastases on the left were visible 
on roentgenograms. These were treated with 
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Fic. 3. Case 7. (4) Osteogenic sarcoma with bilateral pulmonary metastases. A spontaneous tension pneu- 


mothorax on the right is associated with complete collapse of the lung. This complication was the first in- 
dication that pulmonary deposits were present. (B) Ten days later. Pleural free air on the right persists 


despite attempts to secure permanent re-expansion 
left where multiple subpleural metastases are visible. 


palliative irradiation with consequent tempo- 
rary disappearance. Four months later, new 
lesions were visible on the right. Slow growth 
ensued over the next seven months, when 
exertional dyspnea and severe cough devel- 
oped. A chest roentgenogram revealed the pres- 
ence of a small, spontaneous tension pneumo- 
thorax on the right (ig. 4). There were no 
further signs or symptoms attributable to the 
free air which resorbed during the following 
four weeks and never recurred. Her course con- 
tinued to be downhill. The child expired thirty- 
three months after the onset of illness. 

At autopsy, the entire thoracic cage was 
filled with tumor masses and fibrous adhesions 
largely obliterated the pleural cavities. Virtu- 
ally no normal lung tissue could be identified 
grossly. Many of the neoplastic lesions showed 
extensive central necrosis. 


Case 10, M.N. This female patient, with on- 
set of disease at the age of six years, had been 
well until a palpable mass in the abdomen on 
the left was discovered. Excretory urography 
confirmed the presence of a left renal tumor, 
and a left nephrectomy was performed. The 
diagnosis on microscopic examination was 
Wilms’ tumor. No pulmonary metastases were 
present at this time. Postoperative roentgen 
therapy of the left renal bed was given through 


. A spontaneous pneumothorax is now present on the 


opposing anterior and posterior portals. The 
depth dose was 3,500 r delivered in 22 treat- 
ments in twenty-seven days. Seven months 
later, a Horner’s syndrome developed on the 
left and metastatic involvement was found in 
the left cervical lymph nodes. Pulmonary me- 
tastases on the right were also discovered at 
that time. Chemotherapy was started, and the 
roentgen therapy was directed to the cervical 
mass and to the pulmonary lesions, but her sub- 
sequent course was progressively downhill. Ten 
months after the nephrectomy, pleural fluid ac- 
cumulated on the right, requiring thoracentesis 
for relief of respiratory distress. Two months 
thereafter, an asymptomatic spontaneous pneu- 
mothorax developed on the left. Gradual re-ex- 
pansion of the lung took place during the re- 
maining four weeks of life. She expired thirteen 
months after the onset of disease. 

At autopsy, there were extensive metastases 
to the lungs, pleura, and tracheobronchial 
lymph nodes as well as to various extrathoracic 
sites. Bilateral hemothorax was also present, 
with severe compression atelectasis of the right 
lung. 


Case 13. M.C. This female patient, with 
onset of disease at the age of eleven years, was 
first admitted to the hospital because of pain 
and swelling of the right thigh. An incomplete 
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Fic. 4. Case 8. Ewing’s tumor with pulmonary me- 
tastases and spontaneous pneumothorax. A periph- 
eral tumor nodule bulges into the pleural cavity. 


excision was performeu with histologic diagno- 
sis of hemangioendotheliosarcoma. Roentgen 
therapy was delivered to the right thigh. 
Pulmonary metastases became evident five 
months thereafter. Her condition deteriorated 
slowly despite the administration of multiple 
chemotherapeutic agents with and without 
roentgen therapy. 

Fifteen months later there was a sudden epi- 
sode of difficulty in breathing and chest pain 
which persisted over the ensuing four days. 
Roentgen examination of the chest showed a 
large tension pneumothorax on the right with 
complete collapse of the lung. A drainage tube 
was inserted into the right chest. Within 
twenty-four hours there was almost complete 
re-expansion of the lung. Further episodes of 
collapse occurred, but the lung completely re- 


expanded within two weeks. She continued to 
fail and died twenty-two months after her first 
symptoms. 


At autopsy, there was extensive bilateral 
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pulmonary disease, but no explanation for the 
genesis of the pneumothorax on the right was 
established. 


DISCUSSION 

There appears to be a disproportionate 
number of children with osseous tumors jn 
whom spontaneous pneumothorax js a 
complication of pulmonary metastases, 
Chest roentgenograms demonstrating this 
combination suggest that the primary 
tumor originates in bone and most prob- 
ably is an osteogenic sarcoma. A corollary js 
that patients with this neoplasm and lung 
deposits not infrequently develop a spon- 
taneous pneumothorax. Of 19 children 
with osteogenic sarcoma metastatic to the 
lung, 4 manifested spontaneous pleural 
free air at some time during the course of 
the disease. 

The complication can develop relatively 
early in the course of a child with a malig. 
nant process and pulmonary deposits. In 
some patients, the presence of free air in the 
pleural cavity is the first sign of lung in- 
volvement, previous roentgenograms hav- 
ing failed to demonstrate metastases. The 
pneumothorax may be silent and unsus- 
pected clinically, only to be discovered as 
an incidental finding on roentgen examina- 
tion. No treatment may be necessary under 
circumstances such as these, particularly 
since spontaneous re-expansion can occur. 
While the improvement may be only tem- 
porary in some patients, in others there is 
no recurrence. 

The onset of pneumothorax is dramatic 
at times, and the patient develops the 
classic signs and symptoms of sudden chest 
pain, dyspnea and collapse. Prompt recog- 
nition and effective management of the 
complication, when disabling, can result in 
several more months of comfortable exist- 
ence for the patient. Conservative meas- 
ures may suffice, but vigorous treatment 
often becomes necessary. This may prove 
difficult, and thoracotomy sometimes Is re- 
quired before permanent re-expansion of 
the affected lung is obtained. 

It has been suggested’ that cough may be 
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a precipitating factor in the production of 
pneumothorax in these patients. Free air 
can develop, however, without any previ- 
ous complaint referable to the chest. In 
Case 7, the onset of tension pneumothorax 
was the first indication of pulmonary 
metastases, the child having been free of 
symptoms with normal roentgenographic 
findings prior to that time. 

No obvious association could be found 
between any form of chemotherapy and 
the development of this complication, nor 
was there any constant relationship to the 
use of roentgen therapy to the chest. 

The roentgen differential diagnosis of 
spontaneous pneumothorax seldom pre- 
sents any difficulty in these patients. Oc- 
casionally, extensive necrosis within huge 
pulmonary metastases with tracheobron- 
chial communication can lead to confusion 
in diagnosis. The resultant air-fluid level 
may seem to reach the thoracic wall and 
simulate the appearance of a pneumo- 
thorax (Fig. 5). Metastases with associ- 
ated large subpleural blebs have been 
described. An adult reported by Lodmell 
and Capps* was found at autopsy to have 
bullae as large as 20 cm. in diameter. 
Roentgenographically, these might simu- 
late a localized pneumothorax. A child with 
metastatic osteogenic sarcoma (not  1n- 
cluded in this series) presented such a 
problem in roentgen diagnosis. It was not 
possible to state with certainty whether 
there was a small loculated pneumothorax 
or whether the appearance was caused by 
a collection of blebs beneath the pleura 
(Fig. 6). 


SUMMARY 


Spontaneous pneumothorax occurs in- 
frequently in association with pulmonary 
metastases. Thirteen children with various 
malignant tumors who developed this 
complication are reported. Nine of these 
patients had bone tumors, as did 7 of the 8 
children heretofore recorded. The apparent 
association of this secondary manifesta- 
tion and malignant tumors primary in 
bone is discussed as are the probable routes 
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lic. 5. Osteogenic sarcoma with pulmonary me- 
tastases. An air-fluid level is present in the left 
upper lung field and simulates a hydropneumo- 
thorax. At autopsy, no free air was present in the 
pleural cavity. There was extensive necrosis and 
liquefaction within an enormous tumor mass which 
virtually replaced the lung, but a thin shell of in- 
tact tissue remained peripherally. 


by which free air reaches the pleural cavity. 
The onset of pneumothorax may be 
asymptomatic in some instances but dis- 
abling in others. Since the complication 
may occur early in the course of the dis- 
ease, prompt detection and treatment can 
secure for some patients relative comfort 
during the remaining months of life. 


Giulio J. D’Angio, M.D. 
The Children’s Hospital 
300 Longwood Avenue 
Boston 15, Massachusetts 


We are indebted to Drs. Sidney Farber and Wil- 


liam T. Green for making available the clinical data 
of these patients. 


ADDENDUM 


Since this paper was prepared for pub- 
lication, an additional case has come to 
our attention. Dargeon, in his book “Tu- 
mors of Childhood” (Paul B. Hoeber, Inc., 
New York, 1960), reports the case of a 
nine year old boy with an angiosarcoma, 
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Fic. 6. Osteogenic sarcoma with pulmonary me- 
tastases. A small collection of air is visible imme- 
diately beneath the parietal pleura (arrows). The 
appearance could be produced by a small locu- 
lated pneumothorax or by subpleural blebs. At 
autopsy, two weeks after this roentgenogram was 
made, extensive adhesions were found in the area, 
but neither free air nor bullae were identified. 


primary in the sacrum, with bilateral pul- 
monary metastases and bilateral pneu- 
mothorax. 
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BLEEDING ESOPHAGEAL VARICES IN THE PRESENCE 
OF A NORMAL SPLENOPORTOGRAM 
A CASE REPORT 
By JOHN L. DOPPMAN, M.D.*, and ROBERT SHAPIRO, M.D.+ 


NEW HAVEN, CONNECTICUT 


ERCUTANEOUS splenoportography 

was originally devised to provide ana- 
tomic and functional information on the 
portal venous system to the surgeon plan- 
ning a shunting procedure. A clinical diag- 
nosis of portal hypertension, supported by 
routine laboratory and roentgenographic 
studies, has usually been made beforehand. 
Recently, refinements in technique, par- 
ticularly in rapid serial roentgenography, 
have led to a more widespread use of this 
examination. At present, splenoportogra- 
phy is no longer restricted to candidates 
for surgical shunting but is now also 
advocated by many as a diagnostic pro- 
cedure in upper gastrointestinal bleed- 
ing. In this regard, surprisingly meager 
data are available in the literature concern- 
ing the diagnostic accuracy of splenopor- 
tography. In general, however, all investi- 
gators have verified the high degree of 
accuracy that might be anticipated theo- 
retically. Thus, Turner, Sherlock and 
Steiner? consider venography the method 
of choice in demonstrating esophageal 
varices and state: “If portal venography 
fails to show a gastroesophageal collateral 
circulation, bleeding from varices is most 
unlikely.” Bergstrand and Ekman! re- 
ported filling of collaterals in all patients 
with portal hypertension and expressed the 
opinion that barium swallow studies never 
demonstrated varices that did not visualize 
at venography. Rousselot e¢ a/.° state: “We 
expected and found in the portogram, 
coronary-gastroesophageal collaterals in a// 
cases.” 

We have recently been distressed by our 
failure to demonstrate collaterals in a 


patient with portal hypertension and obvi- 
ous varices. For this reason, the following 
case is presented together with some dis- 
cussion concerning the possible hemody- 
namic mechanisms involved. 


REPORT OF A CASE 


This sixty-seven year old white retired rail- 
road worker was referred to the Hospital of St. 
Raphael because of weakness and hematemesis. 
The admission diagnosis was bleeding peptic 
ulcer. Six days before admission, the patient 
noted tarry stools and vague epigastric discom- 
fort not relieved by meals. He was seen by his 
private physician and placed on an ulcer regi- 
men of antacids and antispasmodics. One day 
prior to, and on the day of, admission, he 
vomited considerable amounts of bright red and 
coffee ground material. 

Six months previously, he had noted black 
stools over a one week period, associated with 
weakness and mild epigastric discomfort. On an 
ulcer regimen, the symptoms subsided and no 
further studies were done. There was a long 
history of chronic alcoholism but no previous 
episodes of jaundice. Traumatic amputation of 
his left lower leg had resulted from a railroad 
accident ten years before. 

Physical examination revealed an extremely 
pale but alert and oriented male. No jaundice or 
spider angiomata were noted. The lungs and 
heart were normal. A questionable nontender 
liver edge was felt but the spleen was not palpa- 
ble. The blood pressure was 130/70 and the 
pulse 120. 

The hemoglobin on admission was 4 gm. and 
the hematocrit 17 per cent. The bromsulphalein 
was 20 per cent, but the remaining liver func- 
tion studies, including total protein, A/G ratio, 
bilirubin, prothrombin time, cephalin floccula- 
tion, thymol turbidity, cholesterol, alkaline 
phosphatase, and blood ammonia, were normal. 


* Senior Resident in Radiology, The Hospital of St. Raphael, New Haven, Connecticut. 
t Chairman, Department of Radiology, The Hospital of St. Raphael, New Haven, Connecticut. 
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Fic. 1. Barium swallow study demonstrating large 
varices extending the length of the esophagus. 


John L. Doppman and Robert Shapiro DECEMBER, 1961 


An upper gastrointestinal series revealed large 
varices of the distal esophagus and probable 
gastric varices (Hig. 1). 

During the first three hospital days, multiple 
transfusions raised the hemoglobin to 11.5 gm, 
and all evidence of active bleeding subsided, [n 
view of the well compensated hepatocellular 
function, a splenoportal shunt was contem- 
plated. In preparation for this procedure, percu- 
taneous splenoportography was _ performed, 
Although not palpably enlarged, the spleen was 
easily punctured and the intrasplenic pressure 
(corrected to the anterior body of the first lum- 
bar vertebra*) averaged 410 mm. H.O. Follow- 
ing the manometric determination, $0 cc. of go 
per cent hypaque was injected manually over a 
period of six to eight seconds. Roentgenograms 
at the rate of two per second were obtained 
commencing with the beginning of the injection 
and extending over a fourteen second period. At 
no time was any collateral circulation or retro- 
grade filling of the portal tributaries demon- 
strated. Patent splenic and portal veins were 
visualized. The intrahepatic portal branches 
were sparse and tortuous, with the typical 
“tree in winter’!? appearance associated with 
cirrhosis (lig. 2). 

Failure to demonstrate any roentgenographic 
signs of portal hypertension (1.¢., retrograde 
filling of portal tributaries, visualization of 
collateral circulation, dilated splenic and portal 
veins with delayed transit) in the presence of 


Fic. 2. The initial splenoportogram without evidence 
of collateral filling. Note the filling defect at the 
entrance of the superior mesenteric vein. Intra- 
splenic pressure at this time was 410 mm. HJ. 
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marked intrasplenic hypertension and obvious 
esophageal varices raised some doubt concern- 
ing the correctness of the clinical diagnosis. A 
localized left coronary vein occlusion can pro- 
duce varices and a normal splenoportogram, 
but such a patient would not benefit by portal 
vein decompression. Carcinoma of the gastric 
cardia frequently extends submucosally up the 
esophagus and occasionally may simulate 
varices. 

Consequently, four days after the first spleno- 
portogram, esophagoscopy was performed. 
Very large varices were encountered 7 cm. 
below the cricopharyngeus and extended the 
length of the esophagus. The following day, a 
second percutaneous splenoportogram was 
performed, technically similar to the first 
examination in all details. On this occasion, 
retrograde filling of the inferior mesenteric vein 
and visualization of short gastric veins draining 
into large esophageal varices confirmed the 
original diagnosis of cirrhosis with portal hyper- 
tension and varices (lig. 3). The corrected 
intrasplenic pressure on this occasion was 370 
mm. ). 

An end-to-side portacaval anastomosis was 
performed (Dr. Philip Wade) resulting in a 
pressure drop of 110 mm. H:O (300-+1g0) when 
the shunt was opened. A repeat barium swallow 
study during convalescence showed almost 
complete disappearance of the varices, a few 
widened longitudinal folds remaining in the 
distal esophagus. ' 

The patient was admitted five months follow- 
ing surgery in a stuporous condition with a 
blood ammonia of 105. He responded rapidly to 
low protein feedings, his sensorium clearing in 
thirty-six hours and the blood ammonia drop- 
ping to 42. Unfortunately, no barium swallow 
examination was done at this time. However, 
there has been no recurrence of gastrointestinal 
bleeding. 


DISCUSSION 


Most reviews of splenoportography have 
stressed its accuracy in demonstrating 
portal collateral circulation, particularly 
the cardioesophageal collateral system. We 
believe that serial roentgenograms are 
required for an adequate examination and 
that failure to visualize known varices on a 
single roentgenogram at the conclusion of 
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lic. 3. Note the retrograde filling of the inferior 
mesenteric vein and the dilated short gastric veins 
filling tortuous esophageal varices. Intrasplenic 
pressure was 370 mm. HO. 


injection does not exclude their filling at an 
earlier or later phase. Bruwer and Hallen- 
beck® include in their material a single case 
(Case §) in which splenoportography 
showed no evidence of collaterals in spite of 
a portal pressure of 520 mm. H.O and 
varices previously demonstrated on barium 
swallow study. However, only a single 
roentgenogram was taken and the authors 
themselves admit that “more than one 
roentgenogram is required for satisfactory 
demonstration of the functional hemo- 
dynamic status of the portal system.” 
Kigley et al.° mention 3 cases with proved 
varices which did not fill but they also 
incriminate inadequate roentgenography. 
In addition, no mention is made of intra- 
splenic pressure measurements or the 
visualization of other collateral systems. 

The time sequence of examinations may 
have an important bearing on collateral 
filling. It is conceivable that varices, dem- 
onstrated on barium swallow examination 
during acute hepatic decompensation, 
might fail to fill during splenoportography 
at a later date. Intensive medical therapy 
may undoubtedly ameliorate acute hepatic 
congestion with a resultant increase in 
transhepatic portal blood flow and a drop 
in portal pressure. Previously overburdened 
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John L. Doppman and Robert Shapiro Decemnen, 196 
Taste I clude a large functioning collateral network 
Certainly, there must be a stage early in the 
wollat- development of cirrhosis when elevated 
Examination  “ospital erals yortal pressure alone suffices t f 
Day Demon- Pressure portal pressure alone suffices to pertuse the 
eee liver and no collaterals are present. This 
a ee was the stage of disease with which we 
Ist gastrointestinal thought we were dealing. If uncertain of 
study equivocal varices had been demonstrated 
on barium swallow examination 
study 7 ‘ » We would 
Ist splenoporto- have pursued it no further. 
gram 8 — 410mm. HO From our personal experience and aq 
esophagoscopy 14 + review of the literature, a small but definite 
group of patients with portal hyperte 
gram 16 + 370mm.H,O ~* I I I YI nsion 


collateral networks may then cease to func- 
tion or diminish markedly in size. However, 
this possibility fails to explain the findings 
in our case (Table 1) in which collateral 
filling occurred only after clinical improve- 
ment and a drop in portal pressure. 

The natural history of esophageal varices 
has*been well demonstrated by Palmer,’ 
who performed serial esophagoscopies on 

33. patients with proved cirrhosis and 

varices, noting a marked day to day varia- 
tion in their size and extent. In 35 of the 
subjects, varices were not seen during at 
least one esophagoscopic examination. In 
addition, he found little correlation between 
varix size and the clinical course of the 
patient or the level of portal pressure. He 
explained this variation by pointing out 
that esophageal varices constitute but one 
of several portosystemic shunting systems 
and that different outflow tracts may func- 
tion at different times. Theoretically, 
splenoportography should demonstrate all 
collateral networks functioning at the time 
of the examination and should, therefore, 
be more reliable than either a barium 
swallow study or esophagoscopy where only 
the submucosal component of the cardio- 
esophageal shunt can be seen. Failure to fill 
varices at splenoportography, provided 
other shunt systems are demonstrated, 
does not exclude their presence. However, 
failure to demonstrate any collaterals at all 
in the presence of portal hypertension, as 
happened in our case, would seem to ex- 


and functioning portosystemic shunts seem 
to have a normal splenoportogram. Steiner 
et al! from a large experience, report 2 
patients with varices not demonstrable on 
splenoportography, but they make no 
mention of other collaterals. Evans? reports 
4 cases showing extensive varices on barium 
swallow studies with apparently normal 
portograms. However, 2 of these patients 
had normal intrasplenic pressures and the 
third, an unsatisfactory pressure tracing. It 
is conceivable that, with normal portal 
pressures, none of the shunts was function- 
ing at the time of the examination. (He 
does not mention the time relationships 
between barium swallow examination and 
splenoportography). This leaves but one 
case similar in all respects to our own, ¢7z., a 
normal splenoportogram in the presence of 
portal hypertension and proved collaterals. 
It is dificult to conceive of a mechanism 
to explain this phenomenon. Evans? sug- 
gests that breath holding during the exami- 
nation might elevate the pressure in the 
caval and azygos systems with temporary 
arrest or even reversal of the om: through 
collaterals. It is our policy to have the 
patient breathe shallowly omaiael the 
examination except when the needle 1s 
inserted or withdrawn. A prolonged injec- 
tion time resulting in an inadequate bolus 
of contrast material should produce faint 
opacification of all vascular channels, not 
merely failure of collateral filling. More- 
over, Bergstrand and Ekman? have shown 
in dogs that variations in the rate of intra- 
splenic injection, provided adequate visu- 
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alization is obtained, produce no variation 
in the presence or absence of collateral 
filling. It is possible that streaming phe- 
nomena within the portal vein could sweep 
the entire bolus of contrast material di- 
rectly to the liver in spite of the presence of 
multiple functioning shunts. 

No adequate hemodynamic explanation 
mav be offered for the above case. Never- 
theless, it does caution against complete 
reliance upon splenoportography for the 
diagnosis of esophageal varices. Although 
splenoportography is the most reliable 
single technique available at present, it is 
not infallible since it can yield normal 
findings in the presence of bleeding varices. 


SUMMARY 


A case of bleeding esophageal varices is 
presented with two percutaneous spleno- 
portographic studies. The first examination 
was normal but the second study, per- 
formed under similar conditions, revealed 
the varices. Possible hemodynamic mecha- 
nisms are considered. 

John L. Doppman, M.D. 
The Hospital of St. Raphael 
New Haven 11, Connecticut 
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INTRAVENOUS ABDOMINAL AORTOGRAPHY IN THE 
DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 
OF ANEURYSMS OF THE SPLENIC, HEPATIC 

AND RENAL ARTERIES* 


By ISRAEL STEINBERG, M.D., NATHANIEL FINBY, M.D., and JOHN A. EVANS, M.D, 


NEW YORK, NEW YORK 


HERE is general agreement that the 
definitive diagnosis of aneurysm of the 
splenic, hepatic or renal artery is estab- 
lished by contrast visualization. The era of 
abdominal aortography was ushered in by 
dos Santos e¢ al.’ in 1929 when they des- 
cribed their lumbar aortography. At first, 
largely because of the alarming vascular 
damage and fatalities in the animals stud- 
ied by Henline and Moore?’ and reported 
from this center, there was reluctance to 
perform translumbar aortography. Later, 
it became quite popular,*?:.47.54.55 but 
had been virtually abandoned by many as 
a diagnostic procedure when fatalities and 
increasing complications were reported.*: 
28 However, it is still highly regarded in 
many centers for diagnosis of renal arterial 
malformations and for discovery of the 
cause of renal hypertension, and with 
proper care and precaution can be accom- 
plished with minimum risk.*:!°** Lately, 
percutaneous retrograde aortography and 
selective arteriography have been widely 
used, probably because of improvements in 
catheters,” spring guides, contrast agents, 
and mechanical injectors.° 
A recent account of an intravenous 
method of abdominal aortography, em- 
ploying a modification of the Robb-Stein- 
berg technique, by bilateral, simultaneous 
and rapid injection of concentrated or- 
ganic iodides and precisely timed roent- 
genography documents the capability of 
the procedure to readily opacify aneurysms 
of the aortic arch, abdominal aorta and its 
branches.*® Because very little special or 
expensive apparatus is required, it can 
easily be performed in the average well- 


equipped radiology department. Abdomi- 
nal aortography and peripheral arteriog- 
raphy, thereby, become practical and 
generally available diagnostic techniques, 

In this report, intravenous abdominal 
aortography for diagnosis of aneurysms of 
the splenic, hepatic and renal arteries is 
illustrated, discussed and compared with 
arterial puncture. In this way, the place of 
intravenous abdominal aortography in 
establishing or excluding disease of the ab- 
dominal aorta and its branches can be as- 
sessed and evaluated. 


FINDINGS 

ARTERIOSCLEROTIC SPLENIC ARTERY ANEURYSM 

Three patients with arteriosclerotic anew. 
rysms of the splenic artery have been ex- 
amined since we began using intravenous 
abdominal aortography in 1959. The first 
case, (Fig. 1, 4 and B) recently reported,” 
was studied after a roentgenogram of the 
hips, made because of backache, had dis- 
closed calcifications in the left upper quad- 
rant (Fig. 1.4). An intravenous abdominal 
aortogram showed that the larger of the 
two calcifications was a_ splenic artery 
aneurysm, the other a calcified lymph node 
(Fig. 18). 

Another patient’ (Fig. 2, a wo- 
man aged sixty-seven, with gastrointes- 
tinal complaints, was found to have an egg- 
shell type of calcification just medial to the 
lesser curvature of the stomach (Fig. 24). 
Intravenous abdominal aortograms dem- 
onstrated a splenic artery aneurysm (Fig. 
2, B and C). Figure 2D is a view of the 
aneurysm at operation, while Figure 2£ 1s 
the excised specimen. 


* From the Departments of Radiology and Medicine, The New York Hospital—Cornell Medical Center, New York, New York. 


Aided by a grant from the Whitehal] Foundation. 
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The third case, that of a sixty-five year 
old woman (Fig. 3, 4—D), was unusual be- 
cause the presenting complaint was hema- 
turia, which subsequently was found to be 
due to hemorrhagic cystitis. The conven- 
tional roentgenograms showed a 2.5 cm. 
round calcified mass in the left upper 
quadrant, seemingly related to the left 
kidney (Fig. 3, 4 and B). Intravenous ab- 
dominal aortograms, however, clearly dif- 
ferentiated it from the kidney substance 
and enabled the establishment of the dia- 
gnosis of an arteriosclerotic splenic artery 
aneurysm (Fig. 3, C and D). Figure 3£ 
shows the splenic artery aneurysm 77 situ 
at the time of operation. The aneurysm and 


Fic. 1. Arteriosclerotic aneurysm of the splenic artery 
in an asymptomatic fifty-four year old housewife. 
(4) Enlarged (close-up) conventional roentgeno- 
gram showing two calcific shadows in the left up- 
per quadrant. The larger lesion is egg-shell in type 
and located between the eleventh and twelfth ribs 
adjacent to the eleventh and twelfth vertebrae. 
The smaller rectangular lesion is in an interspace 
above. (B) Enlarged (close-up) intravenous ab- 
dominal aortogram showing the opacified splenic 
artery aneurysm. Note that the upper calcific 
shadow (arrow) is not opacified. 
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Fic. 2. Arteriosclerotic splenic artery aneurysm in a 
sixty-seven year old woman with vague left upper 
quadrant flatulence and discomfort. (A) Enlarged 
(close-up) roentgenogram of the barium filled 
stomach showing a rounded 1.5 cm. egg-shelled 
type of calcification adjacent to the left border of 
the spine just below the eleventh left rib (arrow). 


spleen were removed; the convalescence 
was uncomplicated. 


HEPATIC ARTERY ANEURYSM 


The case of an arteriosclerotic aneurysm 
of the hepatic artery in a seventy-two year 
old man (Fig. 4, 4—-C) was also recently 
reported.*» The aneurysm, encountered 
during an exploratory operation for suba- 
cute cholecystitis and cholelithiasis, was 
not removed. Four years later, when we 
began employing abdominal aortography, 
the hepatic artery aneurysm was visual- 
ized. Figure 4/4 is the conventional roent- 
genogram of the abdomen showing a small 
calcification in the right upper quadrant. 
An intravenous abdominal aortogram 
showed an aneurysm of the hepatic artery 
(Fig. 4, B and C). 


RENAL ARTERY ANEURYSM 

Two patients with renal artery aneu- 
rysms have had intravenous abdominal 
aortography. The first, a fifty-five year old 
woman (Fig. 5, 4-C) had hypertension 
(190/110 mm. Hg), peripheral vascular 
disease, and a characteristic signet-ring 
calcific shadow in the pelvis of the right kid- 
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ney (ig. 5, 4 and B). An intravenous ab- 
dominal aortogram demonstrated a hypo- 
plastic left renal artery and kidney, and 
arteriosclerotic endarteritis of the abdomi- 
nal aorta and iliofemoral arterial tree (lig. 
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ic. 2. (B) Intravenous abdominal aortogram 
showing the splenic artery aneurysm (ar- 
row). (C) Enlarged (close-up) view of the in- 
travenously opacified tortuous splenic artery 
and splenic artery aneurysm (arrow). (C is 
reproduced with permission from the New 


England ‘f. Med.*°). 


sC). The left renal artery was poorly vis- 
ualized, probably because of  arterio- 
sclerotic endarteritic involvement of the 
vessel. The right renal artery was not ab- 
normal; an aneurysm in the hilus of the 


Fic. 2. (D) Photograph of the splenic artery aneurysm (arrow) at operation. (E) The excised 
splenic artery aneurysm. 
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KG. 3. Arteriosclerotic splenic artery an- 
eurysm in a sixty-five vear old housewife 
admitted with a complaint of hematuria. 
(4) Conventional abdominal roent- 
genogram showing a rounded 2.§ cm. 
calcific (egg-shell) lesion in the left 
upper quadrant (arrow) just below the 
left twelfth rib. (B) Lateral roentgen- 
ogram of the abdomen showing the 
location of the calcific lesion (arrow) 
deep in the left upper quadrant. (C) 
Intravenous abdominal aortogram dis- 


closing the splenic artery aneurysm (arrow) and the tortuous splenic artery. Tortuosity of the abdom- 
inal aorta and common iliac arteries is seen. (D) Enlarged (close-up) view of the opacified tortuous 
splenic artery and splenic artery aneurysm (arrow). Note the relation to the aneurysm, close to, but 
separate from, the hilus of the kidney. 
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Fic. 3. (EZ) Photograph of the splenic artery 
aneurysm at the time of operation. 


right kidney was not demonstrated (Fig, 
5C). However, because of the characteristic 
pyelographic findings (Fig. 5, 4 and B), 
an exploratory operation of the right kid. 
ney was performed and disclosed a clotted 
calcific 1 cm. aneurysm of the right renal 
artery as it entered the hilus (Fig. 5D). Be. 
cause preoperative studies had_ revealed 
decreased function in the left kidney and 
the left renal artery and kidney were hypo- 
plastic, right nephrectomy was not done. 
A year following operation, the hyperten- 
sion was still unrelieved and the patient 
was unimproved. 

The second patient was a forty-eight 


ic. 4. Arteriosclerotic hepatic aneurysm in a seventy-two year old 
man, visualized four years after its discovery at operation. (A) 
Conventional frontal roentgenogram of the abdomen showing 
a rounded 1.5 cm. in diameter calcific area (arrow) between the 
eleventh and twelfth right ribs close to the border of the spine. 
(B) Intravenous abdominal aortogram showing tortuosity of 
the abdominal aorta and common iliac arteries. The hepatic 
artery is dilated at its origin, it then becomes aneurysmal in 
the calcific region (arrow). (C) Enlargement of the involved 
area showing the aneurysm (arrow). (C is reproduced with per- 
mission from The New England }. Med.°°) 
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A-C), who also had 


vear old man (Fig. 6, 
hypertension (170/115 mm. Hg). Deform- 
ity of the right renal pelvis was demonstra- 
ted on a retrograde pyelogram (Fig. 64). 
The intravenous abdominal aortogram re- 
vealed a 1 cm. aneurysm of the right renal 


artery (Fig. 6, B and C). This finding was 
confirmed at operation, but in this instance, 
because previous studies had demonstrated 
good left kidney function, a right ne- 
phrectomy was performed and the patient 
became normotensive. 


lic. 5. Calcified aneurysm of the right renal artery in a 
Sifty-five year old hypertensive and arteriosclerotic woman 
with peripheral t vascular disease. (A) Retrograde py elo- 
gram showing a I cm. signet-ring calcification in the 
hilus of the right kidney. (B) Enlarged (close-up) view 
of the right pyelographic study, again showing the 
halo-type calcification (arrow). (C) Intravenous ab- 
dominal aortogram revealing narrowing, irregularity 
and tortuosity of the abdominal aorta and common 
femoral arteries. The right renal artery and kidney are 
hypoplastic. The right renal artery is intact; the cal- 
cific shadow in the kidney hilus is not opacified. 
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Fic. s.(D) Photograph at operation revealing the 
clotted calcified aneurysm (arrow). 


> 


1114 Israel Steinberg, Nathaniel Finby and John A. Evans 


DISCUSSION 


Owens and Coffey,*®’ in a thorough re- 
view of splenic artery aneurysms, discussed 
the incidence, pathogenesis, pathologic 
and clinical features and the tendency of 
these aneurysms to rupture during preg- 
nancy. More recently, Culver and Pirson,® 
and Sheps and his co-workers“ have re- 
viewed the subject. There appears to be 
general agreement among surgeons that, 
once the diagnosis of splenic artery aneu- 
rysm is suspected, surgical exploration and 
excision of the aneurysm¥is essential to 
prevent rupture. Indeed, following}the 
pioneer paper of Lindboe,?’ who empha- 
sized that rounded, egg-shell calcific shad- 
ows in the left upper quadrant were likely 
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Kic. 6. Saccular aneurysm of the right renal artery in 
a forty-eight year old hypertensive man. (A) Retro- 
grade pyelogram of the right kidney showing a 
pressure-defect of the upper calyx (arrow). (B) 
Intravenous abdominal aorotogram revealing a 1 
cm. saccular aneurysm of the right renal artery 
(arrow). Both kidneys are equally and homo- 
geneously opacified. (C) Enlarged (close-up) view 
of the saccular aneurysm (arrow). 


to be aneurysms of the splenic artery, 
routine exploration of the abdomen and 
excision of the aneurysm and spleen have 
been advocated. Von Ronnen,** however, 
believes that only if the calcified splenic 
aneurysm is large, causes symptoms, or en- 
larges is surgery indicated. 

Diagnosis of splenic artery aneurysms 1s 
dependent mainly upon roentgenography. 
In 15 per cent of the cases reviewed by 
Owens and Cotfey,*? there were valuable 
diagnostic roentgen clues consisting of 
either a pulsatile mass in the posterior wall 
of the stomach or round or oval-shaped 
thin lined (egg-shell) calcifications located 
in the upper left quadrant of the abdomen 


(Fig. 1, 4 and B; 24; and 3, 4 and B). 
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Differentiation between gastrointestinal 
and renal calcifications can readily be made 
by contrast roentgen studies. Pancreatic 
stones are more difficult to differentiate,” 
but now that a method for opacifying the 
gorta via the intravenous route exists, the 
definitive diagnosis need not be delayed. 

Owens and Cottey** also emphasize that 
awareness of the possible existence of a 
splenic artery aneurysm is very important 
in establishing the diagnosis. Among the 
clinical findings cited by these authors are 
pain in the left upper quadrant, flatulence 
and splenomegaly. These are so nonspecific 
that they provide little aid in diagnosis. 
Other signs of greater significance, although 
rare, are a palpable and occasionally pulsa- 
tile tumor in the left hypochondrium. How- 
ever, the “egg-shell” opacities in the left 
upper quadrant, unrelated to the renal or 
gastrointestinal systems, provide the most 
significant clues of splenic artery aneu- 
rysms. 

Of interest, is the case showing opacifica- 
tion of the splenic artery aneurysm (Fig. 
1B) and not of the adjacent calcification. 
At operation the latter turned out to be a 
calcified lymph node. Multiple aneurysms 
of the splenic artery have been reported in 
the literature, but these have been round, 
lined by calcific walls and have contained 
mottled densities, in marked contrast to 
the irregularly shaped and often homo- 
geneously calcified structure of the calci- 
fied lymph node (Fig. 1.7). 

Hepatic artery aneurysms are rare. 
Browning, Clauss and MacFee? in a recent 
report of 2 cases stated that they found 121 
cases in the medical literature. Their 2 
cases, 2 other cases reported since then,!?:”! 
the case of a child, and the one case re- 
ported above bring the total to date to 
only 127. Notable reviews of the sub- 
Ject!?16.30.40.45.46.5' indicate that males with 
hepatic artery aneurysms predominate at 
a ratio of 3 to 1. The average age is thirty- 
eight years. There also appears to be general 


agreement that the most common causes of 


hepatic artery aneurysms are infection 
(60 per cent), arteriosclerosis (22 per cent), 
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and trauma (10 per cent).*° The aneurysms 
may be intrahepatic or extrahepatic, the 
latter being more common and _ varying 
from a small size (a true aneurysm) to a 
huge (false type) hematoma. Both tend to 
be adherent to surrounding tissues by firm 
fibrous adhesions that compress the sur- 
rounding structures, especially the bile 
ducts. The majority of hepatic artery 
aneurysms are solitary; only in 11 instances 
were multiple aneurysms found. The 
hepatic artery itself rather than the 
branches is usually involved. 

Hepatic artery aneurysms, like all aneu- 
rysms, have a tendency to rupture. The 
peritoneal cavity is a favorite site, and 
sudden shock and death due to hemorrhage 
are common. Direct perforation into the 
duodenum and stomach has also been re- 
ported.*:!?| Perforation may also occur 
into the biliary duct system and cause 
hematemesis or melena, or both.*! As a 
result, a triad of symptoms referable to 
lepatic artery aneurysms has become 
recognized. These are right hypochondriac 
pain, gastrointestinal hemorrhage, and 
jaundice due to pressure on biliary ducts. 
However, these too, are so nonspecific that 
they are of little value in the differential 
diagnosis. A pulsating right upper quadrant 
mass with a systolic bruit and enlargement 
of the liver are more valuable but rarer 
findings. About 36 cases of hepatic aneu- 
rysm have been diagnosed during life,?:7*** 
all, as in our case at exploratory laparot- 
omy. Accordingly, a high index of suspi- 
cion coupled with a contrast visualization 
study of the abdominal arterial tree prom- 
ises to be the most effective way of making 
the diagnosis. 

In our case (Fig. 44), a right upper 
quadrant calcification accurately localized 
the site of the arteriosclerotic hepatic 
aneurysm. The American” and French”! 
literature contains references to this sign. 
However, since calcification usually occurs 
only in the arteriosclerotic hepatic artery 
aneurysms and since these comprise only 
about one quarter of all aneurysms, it prob- 
ably is an uncommon finding. Bruwer and 
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Hallenbeck,‘ after retrospective study of a 

case, suggested that a filling defect in the 

duodenum may also be of diagnostic sig- 

nificance. In our patient, however, prob- 

ably because of the small size of the aneu- 

rysm, contrast duodenal studies were nor- 
mal. 

Recent accounts of survival following 
surgical correction of hepatic aneurysms 
indicate that a new era in treatment of this 
lesion has  [ndeed, 
excision of the celiac axis for repair of an 
hepatic artery aneurysm has been re- 
ported.'®:*4 Similarly, excision of an arterio- 
sclerotic celiac artery aneurysm with anas- 
tomosis of the hepatic artery to the origin 
of the celiac axis was successfully per- 
formed by Schumacker and Siderys.# Ac- 
cordingly, preoperative diagnosis is no 
longer of academic interest. In this con- 
nection, however, it must be mentioned 
that our patient with the arteriosclerotic 
aneurysm (Fig. 4, 7-C) had been asympto- 
matic during the four year period following 
its discovery at laparotomy. 

Although rare, aneurysms of the renal 
artery are being encountered more fre- 
quently. This is apparently due to the in- 
creasing use of aortography, especially 1 
young hypertensives in order to ia. 
mine if there is a renal vascular cause for 
the hypertension.®:** Harrow and Sloane!’ 
in 1959 reported § new cases, reviewed the 
literature and pointed out that because of 
the use of aortography over one-third of 
the total of 180 cases of renal artery aneu- 
rysms had been reported within the six 
year period from 19§1 to 19$7. 

Ever since Renck’s** classic description 
of the roentgen appearance of calcified 
renal artery aneury sms, a signet-ring, halo- 
shaped calcification just medial to the renal 
pelvis has become established as pathogno- 
monic of the lesion (Fig. 5, 7 and B).?%34% 
This sign constitutes strong evidence for 
renal artery aneurysms, but only about 
25 per cent of the cases of renal artery aneu- 
rysms show this calcification. Harrow and 
Sloane!’ recently found that 69 of the total 
180 cases reported in the literature had 


been diagnosed because of the characteristic 
calcific ring shadow. Aortography, chiefly 
translumbar, established the diagnosis of 28 
of the 180 cases. 

In the absence of calcification, a renal 
artery aneurysm cannot be excluded and 
should be suspected when there is an un 
explained deformity of a calyx (lig. 64), 
Contrast aortography of the abdominal 
aorta either by the intravenous, retrograde 
or translumbar routes is clearly indicated 
in such cases, especially because, in marked 
contrast to the calcified aneurysms of the 
renal artery, the noncalcified aneurysms 
have a tendency to rupture.!® Accordingly, 
here too, a high incidence of suspicion that 
a renal artery aneurysm is the cause of an 
unknown hypertension, poor or nonfune- 
tioning kidneys, unexplained extrarenal or 
intrarenal noncalcified — space-occupying 
lesions is necessary. 

DIFFERENTIAL DIAGNOSIS 

In cooperative patients, intravendus 
— aortography may be expected 

» provide a highly satistactory —a 
a of the abdominal aorta and 
branches (Fig. 7, 7 and B). However, rn 
a recent case of a twenty-six vear old 
woman with hypertension, the tortuosity 
of the splenic artery prevented adequate 
visualization of the left renal artery (Fig. 
8.4). Accordingly, percutaneous transfem- 
oral renal arteriography!’ was performed 
with the patient in a slightly oblique posi- 
tion, and stenosis of the proximal portion 
of the left renal artery with poststenotic 
dilatation of the distal segment of the left 
renal artery (Fig. 8B) was demonstrated. 
Splenectomy followed by anastomosis of 
the splenic artery to the poststenotic seg- 
ment of the left renal artery resulted in the 
blood pressure returning to normal levels. 

Tortuous linear calcifications of the 
splenic artery in the left upper quadrant 
due to arteriosclerosis are readily differ- 
entiated from aneurysms of the splenic 


artery (Fig. 9) by the regular pattern of 


the calcifications. An echinococcus cyst 
may appear exactly like a splenic artery 
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ic. 7. Normal intravenous abdominal aortogram of a 
jifty year old man. (A) The normal abdominal 
aorta. (B) Enlarged (close-up) view of the celiac 
axis showing the splenic, hepatic and renal arteries. 


aneurvsm and be differentiated only when rysm. Rarely, splenic artery aneurysms 
contrast materials fail to opacify it. Insuch may be confused with renal artery aneu- 
an instance intravenous abdominal aortog- rysms, especially if calcific shadows are in : 
raphy (Fig. 10) by failing to opacify the the vicinity of the left kidney and there are fears 
egg-shell calcification excluded an aneu- complaints referable to the urinary system. ERs 


cted 
rast 

its | 
old 
sity 
uate 
Fig. 
med | 
tion 
otic 
left 
ted. 
of 
seg- 
the 
vels. 
the 
“ant 
| 
onic Fic. 8. Hypertension due to left renal artery stenosis in a twenty-six year old woman. (A) Intravenous abdominal 
1of | aortogram showing tortuosity of the splenic artery obscuring the left renal artery (arrow). (B) Percutane- 
ous translumbar renal arteriogram disclosing the site of stenosis of the left renal artery (arrow) with post- 
stenotic dilatation of the distal portion of the renal artery. 
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Fic. 9. Calcification and tortuosity of the splenic artery 


in a ninety year old physician. The regular, 


though dilated, caliber of the artery is charac- 


teristic of arteriosclerotic involvement of the 


splenic artery and should be ditterentiated from 
saccular aneurysms of the splenic artery. 


Usually, the larger size of the calcified 
lesion in the left upper quadrant (Fig. 3.7) 
is against it being due to a renal artery 
aneurysm. Here, too, intravenous aortog- 


Fic. 10. Egg-shell calcification in the left upper 
quadrant of the abdomen due to an echinococcus cyst 
(lower arrow) simulating a splenic artery aneurysm. 
Note the opacified tortuous arteriosclerotic ab- 
dominal aorta. The splenic artery is also markedly 
tortuous, but the egg-shell calcification is not 
opacified. Note also (upper arrows) the mediastinal 

(nonopacified) calcification due to a huge medi 

astinal echinococcus cyst. 
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raphy readily established the diagnosis of 
splenic artery aneurysm, and_ operation 
proved it. 

Gallstones may be contused with hepatic 
and renal artery aneurysms. The char. 
acteristic appearance of a laminated gall. 
stone (Fig. 11) should not be difficult to 
recognize. Intravenous abdominal aortog. 
raphy in this patient was performed be. 
cause of hypertension. 

Admittedly, intravenous abdominal aor. 
tography does not achieve the high degree 
of radiopacity produced by translumbar or 
retrograde aortography. However, the mor. 
bidity of the translumbar approach js 
probably greater than that of intravenous 
abdominal aortography in certain patients, 
Kor example, one patient (lig. 12) was 
found to have a right renal artery aneurysm 
in the course of retrograde aortography, 
performed in order to locate the site of 
coarctation of the abdominal aorta. Demon- 


Mic. 11. Intravenous abdominal aortogram revealing 
a tortuous abdominal aorta. The lett renal artery 1s 
hypoplastic and the left kidney is not opacified. 
A laminated gallstone in the right upper quadrant 
is easily differentiated from a right renal and/or 
hepatic artery aneurysm. 
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stration of the site of coarctation was suc- 
cessful, but a severe hypotensive reaction 
with renal shut-down following injection of 
diodrast was almost fatal.'* Indeed, 2 
fatalities in patients with coarctation of 
the abdominal aorta and renal artery 
stenosis after retrograde catheterization 
have recently been reported.* Accordingly, 
it would appear that intravenous abdominal 
aortography in such cases may be sufficient 
in establishing the diagnosis of coarctation 
of the abdominal aorta and renal artery 
stenosis without resorting to arterial cath- 
eterization. 


SUMMARY AND CONCLUSIONS 


A significant advance in the diagn ‘sis 
and differential diagnosis of aneurysms of 
the splenic, hepatic and renal arteries has 
been achieved with intravenous abdominal 
aortography. This consists of rapid, simul- 
taneous and bilateral injection of concen- 
trated contrast organic iodides and pre- 


Fic. 12. Retrograde abdominal aortogram revealing a 
saccular right renal artery aneurysm in a twelve 
year old girl with coarctation of the abdominal aorta. 


(Reproduced with permission from Surg., Gynec. & 


Obst.",) 
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cisely timed roentgenography. Inexpensive 
special needle-stopcock units, syringes and 
the use of apparatus ordinarily on hand for 
roentgen examination of the gastrointes- 
tinal or genitourinary systems make the 
procedure generally available and practical. 

In a series of 350 consecutive patients 
who had had intravenous abdominal aortog- 
raphy, 3 were found to have arteriosclerot- 
ic aneurysms of the splenic artery; one had 
an arteriosclerotic hepatic artery aneu- 
rysm. Two hypertensive patients had renal 
artery aneurysms. All the cases of splenic 
artery aneurysm exhibited the classic roent- 
gen features of arteriosclerotic artery aneu- 
rysms; namely, large, oval shaped, egg- 
shell calcifications in the left upper quad- 
rant. In one patient left upper quadrant 
calcifications were found during an inci- 
dental roentgen study of the abdomen. The 
second patient had vague epigastric dis- 
comfort. In the third, hematuria and the 
inability to dissociate the calcifications 
from the renal shadow made differential 
diagnosis more difficult. However, intra- 
venous abdominal aortography was de- 
finitive. Excision of the splenic artery and 
the aneurysm, and splenectomy were cura- 
tive in every case. 

An arteriosclerotic hepatic artery aneu- 
rysm, found in one case during exploratory 
operation, was definitively diagnosed four 
vears later by intravenous abdominal 
aortography. Excision of the aneurysm was 
not advised because of the asymptomatic 
state of the patient and because of ad- 
vanced arteriosclerotic changes in the rest 
of the abdominal aorta. 

A signet-ring calcification in the hilus of 
the right kidney in one case was strong 
evidence for the diagnosis of a renal artery 
aneurysm even though intravenous ab- 
dominal aortography failed to opacify the 
lesion. The diagnosis was confirmed at 
operation, but nephrectomy was not done 
because of severe abdominal aortic en- 
darteritis with left renal artery and kidney 
disease. In this case, the relentless progress 
of the hypertension was not altered. In 
contrast, another patient with a saccular 
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aneurysm of the right renal artery, re- 
vealed by intravenous abdominal aortog- 
raphy, had excellent kidney function and 
a normal renal arterial blood supply in the 
opposite kidney. Nephrectomy resulted in 
the patient becoming normotensive. 

Intravenous abdominal aortography 1s 
also important in the differential diagnosis 
of aneurysms from other lesions of the 
abdominal aorta and its branches. Failure 
to opacify calcified or egg-shell lesions 
which mimic splenic or renal artery aneu- 
rysms is good evidence against the diag- 
nosis of aneurysm. Occasionally, a throm- 
bosed aneurysm will fail to opacify. How- 
ever, its proximity and relationship to the 
opacified vessel will allow proper diagnosis. 
Gallbladder, intrahepatic and renal stones 
may often be readily identified on contrast 
studies of the gallbladder and genitourinary 
system; calcified echinococcus cysts, mesen- 
teric lymph nodes and pancreatic stones 
may prove more difficult to differentiate 
from the calcifications of aneurysms. Fail- 
ure to opacify such lesions by aortography, 
of course, excludes aneurysms. Although 
aortography may also fail to opacify calci- 
fied and thrombosed renal artery aneu- 
rysms, fortunately, in such instances, the 
characteristic signet-ring (halo) calcifica- 
tion, located in the hilus of the kidney, is 
of great significance. 

Finally, intravenous abdominal arterio- 
graphy cannot always be relied upon to 
exclude renal arterial stenosis. These cases 
may probably be better evaluated by per- 
cutaneous transfemoral renal arteriography 
or translumbar arteriography. 

Israel Steinberg, M.D. 
The New York Hospital 
525 East 68th Street 
New York 21, New York 
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ADDENDUM 


Since this paper was submitted for pub- 
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lication, J. A. Spittel, J. F. Fairbairn, 


O. 


W. Kincaid and W. H. ReMine have 


reviewed the experience in 15 cases of 
splenic artery aneurysm at the Mayo Clinic 
(F.4.M.A., 1961, 175, 452-456). They, too, 
stress the importance of aortography jn 
diagnosis. 
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EDEMA OF THE INTERURETERIC RIDGE—A 
USEFUL ROENTGEN SIGN* 


By CARL P. WISOFF, M.D., and REZA PARSAVAND, M.D. 


NORFOLK, VIRGINIA 


HE purpose of this paper is to call 
attention to edema of the interureteric 
ridge of the urinary bladder as a useful 
finding in roentgen diagnosis. The usual 
cause for the edema is a stone that has 
become impacted in the distal ureter or has 
recently passed through the ureteral orifice. 
In 1948, Edling! reported his observa- 
tions of the interureteric ridge. He de- 
scribed its normal appearance and the 
changes seen on 136 consecutive urograms 
of patients who had symptoms of ureteral 
calculi. He recorded the distinct bowed 
contour, continuous and cephalically con- 
cave, of the normal interureteric ridge. The 
distance between the ureteral contrast and 
the craniad contour normally was 2 to 3 
mm., using a 15° caudocephalad projection 
of the roentgen-ray beam with the patient 
in the supine position. 

In more than half of Edling’s series the 
interureteric ridge was demonstrated. 
Swelling of the affected side of the interure- 
teric ridge was present in 37 cases in which a 
ureterovesical calculus was seen. In 4 cases 
without visible stones the swelling was 
attributed to a recently passed or non- 
opaque calculus. 

In 1954, Filho? discussed this sign and 
noted that swelling of the interureteric 
ridge subsided within forty-eight hours 
after passage of the ureterovesical calculus. 

We have studied 125 unselected consecu- 
tive intravenous pyelograms in an attempt 
to determine the incidence of visualization 


of the interureteric ridge, the frequency of 


edema and the value of this sign in the 
diagnosis of ureteral calculus. The duration 
of the edema after the stone passed, the 
length of time required to develop the 
edema, and other factors, both anatomic 


and pathologic, that might simulate edema 
of the ridge were also studied. 


MATERIAL AND METHODS 


Following the intravenous injection of 
30 cc. of $0 per cent hypaque, two pyelo- 
grams were made at ten minutes, one with 
and one without ureteral pressure, in the 
anteroposterior projection. A  posteroan- 
terior roentgenogram was made at fifteen 
minutes. A coned anteroposterior bladder 
roentgenogram was made without angula- 
tion at twenty minutes. All the roentgen 
studies were made at a 40 inch distance. 

The sexes were equally distributed in 
series of 125 patients, and the ages ranged 
from two to eighty-seven years. The mean 
age of the 105 cases in which this informa- 
tion was recorded was forty-five years. 

Measurements of the interureteric ridge 
were made from the bottom of the intra- 
mural portion of the ureter filled with 
contrast material to the nearest point of the 
root of the interureteric ridge. The roof is 
seen as an opaque caudally convex struc- 
ture above the lucent band of the ridge. 
When the ureter was not visible, the thick- 
ness of the band of lucency was measured. 
These points were often indistinct, so the 
measurements are not considered to be 
precise. From the point of view of estab- 
lishing the normal measurements, however, 
this is not important because, in pathologic 
states, the deviations from normal were 
quite distinct. 

RESULTS 

The interureteric ridge could be seen in 
45 of the 125 pyelograms (36 per cent). In 
the 36 normal cases in which it was measur- 
able, it averaged 5 mm., with a normal 


*From the Department of Radiology of the Norfolk General Hospital, Norfolk, Virginia. 
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Fic. 1. H. M., a twenty-eight year old white male, 
had an acute onset of right flank pain and micro- 
scopic hematuria. The roentgenogram demon- 
strates calculus (lower arrow) and edema of the 
right interureteric ridge (upper arrows). 


range of 2 tog mm. There were 12 patients 
with a ureterovesical stone or who had just 
previously passed a roentgenologically veri- 
tied calculus. In 2 of these the ridge was not 
seen well enough to be evaluated; 8 showed 
edema of the ridge (Fig. 1, 2 and 3); and, in 
the remaining 2, in whom the studies were 
made five and seven days, respectively, 


after passage of the stones, there was no 


evidence of either calculus or edema. In all 
the cases with edema there was some reten- 
tion of the contrast medium in the affected 
renal collecting system or complete absence 
of function on the affected side. 


Fic. 2. J. G., a fifty-nine year old white male, had 
severe pain in the left lumbar region radiating to 
the left scrotum, and microscopic hematuria; a 
stone was passed spontaneously. The roentgeno- 
gram demonstrates edema of the interureteric 

ridge and partial ureteral obstruction. 


Carl P. Wisoff and Reza Parsavand 


DrcemBer, 1961 


a 

Fic. 3. P. C., a thirty-two year old white male, had 
severe pain in the right flank associated with 
frequency and microscopic hematuria; a stone was 
passed spontaneously. The roentgenogram indi. 
cates increased obliquity of the upper border of 
the interureteric ridge (arrows) associated with 
edema. 


There was no difference in the sex distri- 
bution of those cases in which the ridge was 
visualized. This is contrary to Edling’s 
results in which males predominated. 

The bladder size, measured on the uro- 
grams, was graded from 1+ to 3+ in 83 
cases. In 28 of these in which the ridge was 
visible, 1g were graded 1+ or 2+; of the 
remaining $§ in which the ridge was not 
visualized, 32 were so rated. This would 
appear to indicate that the ridge was visible 
relatively more often in those bladders that 
were not grossly distended. The impression 
was gained, confirming Edling’s observa- 
tions, that bladder distention was a signif- 
cant factor in the failure of visualization of 
the interureteric ridge. 


ROENTGEN ASPECTS OF THE 
URINARY BLADDER 

The urinary bladder may present in the 
anteroposterior projection a number of 
different aspects. One may not see the 
interureteric ridge if the bladder is too 
distended or dilated. With the patient 
supine, stereoscopic and lateral cross-table 
roentgenograms show that the roof above 
the interureteric ridge represents the fundus 
of the bladder folded posteriorly over the 
relatively fixed trigone. The posteroanterior 
roentgenogram was of no assistance in the 
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visualization of the ridge in any instance. 
Oblique roentgenograms, in the few cases 
studied using this projection, showed the 
same findings as the anteroposterior roent- 
genograms. The opaque roof of the ridge 

may be confused with the edge of the over- 
lying sacrum. The lucent interureteric ridge 

may be mimicked by an indentation of the 
inferior wall of the bladder which also casts 
a lucent shadow; however, it has a caudally 
concave lower border as compared to the 
convex shadow of the interureteric ridge 
and it always is lower in position (Fig. 4). 
Occasion: ally, the ridge may not be visual- 
zed on one examination and may be visible 
on another, but generally the findings are 
consistent on all examinations of the same 
patient. 

When edema of the interureteric ridge is 
present, the attected side casts a ri idiolucent 
shadow ranging in size from g to 18 mm. 
Even more important than the width of the 
ridge for the recognition of edema is the 
alteration in the downward convexity on 
the affected side. Flattening and sometimes 
even concavity of the root on the affected 
side may be quite striking. A unilateral 
radiolucent shadow in the region of the 
interureteric ridge may be caused by a 
ureterocele filling very slowly with contrast 
medium (Tig. 5). This type of defect is 
usually sharper in outline than edema of the 
ridge. It may not be accompanied by ap- 


Fic. 4. The radiolucent ridge (arrows) represents an 
indentation of the inferior wall of the bladder. 
This may be confused with the interureteric ridge 
when the lower ureters are not visualized. 
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lic. 5. J. H., a thirty-five year old white male, had 
pain in the left lower quadrant of the abdomen 
and microscopic hematuria. The roentgenogram 
demonstrates a ureterocele. 


preciable dilatation of the upper urinary 
tract. 

On occasion, extrinsic pressure from a 
distended intestine or from an adjacent 
mass lesion may cause widening of the ridge 
simulating the edema sign (Fig. 6). Carci- 
noma usually has sharper and often ragged 
edges. 

DISCUSSION 

The interureteric ridge was observed in 

36 per cent of this series of 125 routine, 


unselected pyelograms. It was sometimes 
dificult to measure the ridge because the 


Kic. 6. E. M., a forty year old Negro female, had a 
palpable mass in the pelvis. The roentgenogram 
demonstrates extrinsic pressure on the bladder 
simulating edema or ureterocele. A fibroid tumor 
was removed and subsequent roentgen studies 
showed a normal appearing bladder. 
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roof could not be clearly seen or the distal 
end of the ureter was not filled with the 
medium. When the roof cannot be visual- 
ized the ridge cannot be measured or evalu- 
ated. In all the cases in which the ridge was 
visible and a calculus was present, the 
edema sign was evident. 

The development of edema is probably 
rapid, since most of the roentgenograms 
demonstrating it were made shortly after 
symptoms began. However, we could not 
be certain how long the calculi were at the 
ureterovesical junction before the onset of 
edema. In 2 cases the edema subsided 
within a week; therefore, the edema sign 
would probably not be evident more than 
five days after passage of a stone. 

The edema was always accompanied by 
other evidence of ureterovesical obstruction 
in the upper collecting system, such as 
hydronephrosis, a nephrogram or nonfunc- 
tion. Hence, as an indication of uretero- 
vesical calculus, it merely complements 
these other findings. The sign of edema of 
the ridge is most useful in the case where 
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there is obstruction at the ureterovesical 
junction but where no calculus is seen, Ip 
these cases, the presence of edema would 
contraindicate a diagnosis of stricture, 
ureterocele, a fibrous band or carcinoma. 


SUMMARY 

Pyelograms of 125 consecutive cases 
were reviewed. An interureteric ridge was 
seen in 36 per cent. Edema of the intery. 
reteric ridge was observed in all cases of 
impacted or recently passed stones in which 
the ridge was visualized. This is a useful 
roentgen sign, particularly in the patient 
who has ureterovesical obstruction without 
a visible calculus. 
Carl P. Wisoftt, M.D. 


Norfolk General Hospital 
Norfolk 7, Virginia 
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CHANGES IN HUMAN RED BLOOD CELLS DURING 
IN VITRO EXPOSURE TO SEVERAL ROENT- 
GENOLOGIC CONTRAST MEDIA* 


By HUGH CHAPLIN, Jr., M.D., and ERIK CARLSSON, M.D. 


ST. LOUIS, MISSOURI 


HE dangerous reactions which are some- 

times observed following intravascu- 
lar administration of roentgenologic con- 
trast media are poorly understood. In a 
recent review of the problem, Read" has 
pointed out that the mortality following 
cardioangiography and arteriography is 
very much higher than for roentgeno- 
graphic procedures in which the contrast 
medium is administered into a peripheral 
vein. He reports animal experiments de- 
signed to study the direct effects that con- 
trast. media might have upon the blood 
itself and upon the vessels into which it 
flows before appreciable dilution has been 
effected by mixing within the circulation. 
Read places considerable emphasis upon 
the red blood cell “agglutination” that was 
observed microscopically in the small 
vascular channels close to the site of injec- 
tion, and he suggests that this “‘agglutina- 
tion” may be of major importance in the 
etiology of some of the serious clinical 
reactions. 

The purpose of the present investigation 
has been to study 77 vitro some of the effects 
of various contrast media upon the human 
red blood cells. The report includes observa- 
tions on the size, shape and agglutinability 
of red blood cells, penetration of contrast 
medium across the red blood cell mem- 
brane, and indications of red blood cell 
damage as evidenced by in vitro hemolysis 
and by impaired vivo red blood cell 
survival. 

METHODS 


Contrast Media. 
were studied: 


contrast media* 


* Manufactured by the Mallinckrodt Chemical Works. 


Brand Name Composition 


urokon sodium acetrizoate 


miokon sodium diprotrizoate 
hypaque sodium and N-methy! diatrizoate 


sodium diatrizoate 
sodium diprotrizoate 


ditriokon 


sodium acetrizoate 
sodium diprotrizoate 
sodium and N-methy! diatrizoate 


“triple medium” 


The “triple medium” was compounded by 
the authors for comparative in vitro tests 
(see Fig. 4) and consisted of urokon, hy- 
paque and miokon in final concentrations of 
23.3 per cent, 25 per cent and 23.3 per cent, 
respectively. 

Normal red blood cells were obtained from 
laboratory personnel known to be free from 
hematologic disease. Freshly drawn blood 
was either defibrinated with glass beads, or 
placed directly into acid citrate dextrose 
anticoagulant solution (ACD, U.S.P. For- 
mula A). Unless otherwise stated, the blood 
was used within 24 hours of procurement. 

Hemoglobin concentration of whole blood 
was determined as cyan-hemoglobin, ac- 
cording to Drabkin.* The hemoglobin con- 
centrations in plasma or in saline wash 
solutions were determined by the method of 
Crosby and Furth’ for levels greater than 4 
mg. per 100 ml., and by the method of 
Hanks et a/.'° for levels below 4 mg. per 100 
ml. It was previously determined that 
hemoglobin measurement by these methods 
was unaffected by the presence of contrast 
media in the solution to be tested. 

Hematocrits on mixtures of red blood cells 
and contrast media were determined in 


* From the Division of Hematology, Departments of Medicine and Preventive Medicine, Washington University School of Medicine, 


and the Mallinckrodt Institute of Radiology, St. Louis, Missouri. 


Supported by Research Grant C-2918 (C2 and C3) from the National Cancer Institute of the Public Health Service. 
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microhematocrit tubes (75X1.5 mm.), 
centrifuged for 5 minutes at 12,000 r.p.m. 
(approx. 9,000 g. to the midpoint of the 
hematocrit tube) in an International Cen- 
trifuge, model 275. Hematocrits on blood 
samples obtained during blood volume 
measurement were determined in Wintrobe 
tubes centrifuged for 55 minutes at 2,200 
r.p.m. in a centrifuge of radius 25 cm. to the 
bottom of the centrifuge cups. 

Mean corpuscular hemoglobin concentra- 
tion (M.C.H.C.) was calculated in the 
usual manner, 

hemoglobin, gm. per 100 ml. X 100 
M.C.H.C. = 


vol. packed red cells, ml. per 100 ml. 


based on duplicate determinations of hemo- 
globin concentration and of hematocrit. 
Elevation in M.C.H.C. following exposure 
to hypertonic solutions was attributed to 
loss of intra-erythrocyte water. 

Osmolarity was determined employing a 
Fiske osmometer. All samples were meas- 
ured after appropriate dilution to provide 
levels of approximately 300 m.osm. per kg. 
of H.O. 

Specific gravity of concentrated solutions 
of contrast media was determined by tripli- 
cate weighing of accurately measured § ml. 
volumes and comparison against distilled 
water weighed under identical conditions. 

Quantitative Measurement of [ntracellular 
Penetration of Contrast Medium. Six 12 ml. 
aliquots of fresh defibrinated blood were 
centrifuged for 1 hour at 2,200 r.p.m.; the 
supernatant plasma and upper red blood 
cell layers were aspirated so as to leave 5.0 
ml. of packed red blood cells remaining in 
each tube. Under these conditions it is 
known’ that trapped saline makes up <2 per 
cent of the packed cell mass. Sufficient ['*!- 
tagged urokon* was added to each of three 
urokon solutions (final urokon concentra- 
tions 2 per cent, 10 per cent, 20 per cent) to 
provide a convenient counting rate. To each 
of two tubes containing § ml. of packed red 
blood *cells was added 5 ml. of a tagged 
urokon solution. The contents were thor- 


* Supplied by Abbott Laboratories. 
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oughly mixed; after room temperature 
incubation of one tube for 5 minutes, the 
other for 30 minutes, aliquots were removed 
for measurement of hemoglobin and hema. 
tocrit and the tubes were centrifuged for go 
minutes at 2,200 r.p.m. The penetration of 
urokon into the cells was determined from 
the decrease in radioactivity of the super 
natant fluid obtained after centrifugation 
compared with the original urokon solution, 
Appropriate corrections for the shift of 
water out of the cells were made on the 
basis of M.C.H.C. values determined on the 
original red blood cells and on the aliquots 
removed after the § and 30 minute periods 
of incubation. Intracellular water was 
assumed to equal 65 per cent of the true 
original red blood cell mass. Radioactivity 
was measured in a well-type scintillation 
counter. 

In vivo red cell survival was determined 
using Cr°!, essentially as described by 
E.baugh and co-workers.” After exposure for 
30 minutes to so uc of Cr as sodium 
chromate, tagged normal red blood cells 
were incubated with the contrast media and 
then washed three times with 20 volumes of 
saline. Ten milliliters of tagged red blood 
cell suspension were injected from a calli- 
brated syringe. Expected immediate 100 
per cent survival was estimated as: 


expected counts per ml. of recipient’s blood 
total counts injected 


blood volume (ml.) 


Plasma volume was measured by the Evans 
Blue dve method, and blood volume calcu- 
lated employing the hematocrit corrected 
for plasma trapping’ and tor the body, ve- 
nous hematocrit ratio.° 


RESULTS 

Gross Observations. When a volume of 
whole blood was mixed with an equal vol- 
ume of any of the four concentrated (¢.g,, 
70 per cent) contrast media, there was no 
immediate aggregation of red blood cells 
visible grossly or microscopically. However, 
after the mixture had stood undisturbed for 
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several minutes, aggregates of red blood 
cells were observed in the film of blood on 
the wall of the tube above the fluid level. If 
the mixture was allowed to stand undis- 
turbed for periods up to 1 hour, the clumps 
of red blood cells increased in number and 
in size. Mixing of the contents by repeated 
inversion of the test tube caused rapid 
dispersion of the red blood cell aggregates. 
When the mixtures were centrifuged after 
varying intervals of incubation, the red 
blood cells migrated to the top of the fluid 
laver and adhered together in a “slime” 
which broke up into smaller aggregates 
following vigorous remixing (Fig. 1). Pro- 
gressively severe hemolysis was observed in 
the underlying fluid following centrifuga- 
tion, depending on the length of incubation 
of the mixtures. The spontaneous aggrega- 
tion of red blood cells was independent of 
the presence of plasma and could be largely 
prevented by repeated slow inversion of the 
tube during the first § to 10 minutes follow- 
ing addition of the blood to the contrast 
medium. Spontaneous clumping of red 
blood cells did not occur during subsequent 
undisturbed incubation, but comparable 
hemolysis was observed after centrifugation 
of the mixtures, and the centrifuged red 
cells formed an overlying “‘slime,” as previ- 
ously. It therefore appeared that spontane- 
ous aggregation of red blood cells was 
favored if they were left undisturbed im- 
mediately following contact with high 
concentrations of contrast medium, pre- 
sumably during the period of acute changes 
in the cells’ size and surface properties. 
Once the red blood cells achieved a rela- 
tively “steady state,” the forces of mutual 
attraction were greatly diminished and 
were manifested only when the red blood 
cells were brought into close contact by 
centrifugal force. The phenomenon of red 
blood cell lysis was largely independent of 
the aggregation, since it was of comparable 
severity in mixtures in which clumping was 
prevented by gentle motion of the test tube. 

Microscopic Observations. Immediately 
upon exposure to high concentrations of 
contrast medium, the red blood cells exam- 
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Fic. 1. Red blood cell aggregation following exposure 
to concentrated contrast medium. The red blood 
cells in the upper tube were exposed to urokon, 
centrifuged lightly and resuspended by inversion 
of the tube. Note the irregular cellular aggregates; 
the gray background is in part due to hemolysis. 
Evenly dispersed control cells suspended in saline 
are shown in the lower tube; the clear background 
indicates absence of hemolysis. 


ined in a free drop of fluid lost their bicon- 
cave shape and appeared initially as flat 
irregular plates or small dense spheres. 
When examined in a thin layer under a 
glass cover slip, all of the cells appeared as 
small dense spheres. After a_ sufficient 
period of exposure, hemolysis of cells oc- 
curred as evidenced by rapid fading of the 
cell color, leaving a faintly visible shrunken 
ghost. When an aggregate of adherent red 
blood cells was examined in a free drop of 
contrast medium, large numbers of cells 
were seen congregated together in tan- 
gential contact, but without the close ap- 
proximation of cell walls and without the 
cellular distortion characteristic of im- 
mune agglutination. There was no rouleau 
formation. The application of a glass cover 
slip caused complete dispersion of all but 
the largest aggregates, indicating the weak- 
ness of the forces responsible for the ag- 
gregation. When red blood cells were ex- 
posed to solutions of NaCl, NasCsH,O; or 
dextrose of osmolarities equivalent to the 
concentrated contrast media, entirely sim- 
ilar changes in cell size, shape and proper- 
ties of adherence were observed, but with- 
out significant hemolysis, even when ex- 


posure was extended over a period of 


several hours. 


Reversibility of Morphologic Changes. The 
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concentrated contrast media were removed 
by washing the red blood cells three times 
in 20 volumes of isotonic sodium chloride 
solution. Striking further hemolysis of 
cells occurred during the first two washes, 
diminishing with the third wash (see ahead 
for quantitation of hemolysis). When the 
washed cells were resuspended in their 
native plasma, most of them regained their 
original size and biconcave shape and 
formed rouleau normally. However, the 
longer the period of exposure to the con- 
centrated contrast media, the greater the 
number of cells which remained as small 
dense refractile spheres, suggesting ir- 
reversible damage. 

Ageglutinability of Cells. On several occa- 
sions, red blood cells from a group A; donor 
were exposed for various periods to con- 
centrated contrast media, then washed 
three times, and the recovered cells made 
up to an accurate 2 per cent suspension in 
saline and compared with a 2 per cent 
suspension of unexposed cells against 
multiple dilutions of an anti-A serum. 
There was no evidence of impaired ag- 
glutinability of the recovered cells (a 
representative result is shown in Table 1). 

Quantitative Evidence for Cell Shrinkage. 
Five milliliter volumes of packed washed 
red blood cells were mixed with equal vol- 
umes of 14 per cent, 20 per cent and 26 
per cent solutions of urokon. Samples were 
removed for duplicate hemoglobin and 
microhematocrit determinations after 5, 
15 and 30 minutes of incubation. Progres- 
sive shrinkage of the red blood cells was 
observed as indicated by the rises in mean 
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RED BLOOD CELL SHRINKAGE DURING EXPOSURE 
TO CONTRAST MEDIUM 


M.C.H.C.* (per cent) after 

Concentration incubation 
of Urokon ———— 
Control § min. 15 min. 30 min. 


14% 32.5 33-5 33-9 35.4 
20% 34.2 35.3 40.5 
26% 35.8 40.0 42.6 


* Mean corpuscular hemoglobin concentration. 


corpuscular hemoglobin — concentration 
(M.C.H.C.) shown in Table 1. Attempts 
to extend these observations to higher con- 
centrations of the contrast medium were 
frustrated by the high density of the me- 
dium, which prohibited satisfactory sedi- 
mentation of the red blood cells by centrifu- 
gation. However, Figure 2 indicates that 
similar changes occurred in red blood cells 
exposed to somewhat higher concentra- 
tions of contrast media. Initially the red 
blood cells (specific gravity approximately 
1.095) floated on top of the media. How- 
ever, during incubation, loss of water from 
the red blood cells due to osmotic shrinkage 
resulted in increased cellular specific grav- 
itv and decreased specific gravity in the 
suspending medium, which favored an in- 
creasing number of cells being driven to 
the bottom of the hematocrit tube by 
centrifugal force. The calculated changes 
in intracellular and extracellular specific 
gravities occurring in response to the shift 


TABLE 


AGGLUTINABILITY, OF RED BLOOD CELLS AFTER EXPOSURE TO CONTRAST MEDIUM 


A; control cells 4 
A; cells recovered after exposure to 40% 
urokon for 40 minutes 4 


Dilutions of Anti-A Serum 


2 1/4 1/8 1/16 1/32 1/64 1/128 
4 4 3-4 3 2 I 2 
4 4 3-4 3 2-3 1 I 
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CONTRAST MEDIUM INCUBATION PRIOR TO CENTRIFUGATION 
Osmolarity Spec. Grav. 5 mins. 1Omins. | |Smins. 30 mins. 

UROKON 1290m. osm. 1.269 

40% 
DITRIOKON | |120m.osm. 1.247 

39% 
HYPAQUE 1000 m.osm. 1.234 

41% 


Fic. 2. Sedimentation of red blood cells by centrifugation after increasing periods of exposure in three contrast 
media. Blocks are diagrammatic representations of hematocrit tubes following centrifugation at 9,000 g. 
Note that following short periods of incubation the centrifuged red blood cells remain near the top of the 
tube; as the incubation period is prolonged, increasing numbers of cells can be centrifuged to the bottom of 
tube. The gray background represents increasing hemolysis with longer periods of incubation. 


of water out of the cells were insufficient to 
account for the successful sedimentation 
of red blood cells in the relatively high con- 
centrations of contrast media. It therefore 
seemed likely that some of the relatively 
heavy contrast medium had_ penetrated 
inside the cells. 

Evidence that Urokon  Penetrates Red 
Blood Cells. Vresh red blood cells were in- 
cubated for 45 minutes with equi-osmolar 
solutions of urokon, sodium chloride (a 
penetrating salt), trisodium citrate (a non- 
penetrating salt) and dextrose (which 
penetrates the red blood cell membrane, 
but does not come to complete equilibrium 
at high dextrose concentrations). The re- 
sults, summarized in Table in, illustrate 
that the highest M.C.H.C. (44.6 per cent), 
indicating the greatest red blood cell 
shrinkage, was observed in the solution 
containing the citrate ion, to which the 


red blood cell membrane is impermeable. 
By contrast, the shrinkage of red blood 
cells in the solution containing urokon 
resembled that observed in the solutions 
containing the penetrating dextrose mole- 
cule and chloride ion. 

Quantitative measurement of penetra- 


III 


SHRINKAGE OF RED BLOOD CELLS FOLLOWING 45 
MINUTES INCUBATION IN FOUR 
HYPERTONIC SOLUTIONS 


Osmolarity M.CHC* 


(m.osm. (per cent) 
/kg.H,O) 
urokon 630 35.6 
1.84% NaCl 630 2559 
10.8% dextrose 630 34-9 


6.56% NajCel 1,( 630 44.6 


* Mean corpuscular hemoglobin concentration. 
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TaBLe IV 


PENETRATION OF UROKON ACROSS THE RED 
BLOOD CELL MEMBRANE 


Intra- | Extra- 

cellular | cellular 

Urokon Urokon Rat; 
Concen- | Concen- 
(min. ) (1.U.C.) (E.U.C.) / E.U.C, 


Incuba- 
tion 


| (per (per 
| 
cent) cent) 
5 0.25 1.8 0.139 
2% urokon - 
30 0.28 0.156 
4 2.62 CO. 722 
10% urokon 
30 7.68 0.356 
5 6.0 14.9 0.402 
20% urokon 
30 6.6 14.3 0.462 


tion was accomplished employing I['*!- 
tagged urokon, as described in detail 
under Methods. Observations were made 
after 5 and 30 minutes’ incubation of 
red blood cells in final urokon concentra- 
tions of 2 per cent, 10 per cent and 20 per 
cent. The results are summarized in Table 
Iv, where it is evident that the contrast 
medium penetrated into the red blood cells 
and that most of the penetration occurred 
within the first 5 minutes of exposure. The 
0.139 and 0.156 ratios of intracellular and 
extracellular urokon concentration at an 
initial urokon concentration of 2 per cent 
indicate the maintenance of a_ steep 
gradient across the cell membrane; the 
higher ratios (0.332 and 0.402) obtained 
with the 1o per cent and 20 per cent con- 
centrations of urokon may be indicative of 
progressive red blood cell damage. No at- 
tempt was made to extend these studies to 
urokon concentrations higher than 20 per 
cent because of the difficulty of accurate 
determination of M.C.H.C. at the high 
specific gravities of the more concentrated 
urokon solutions, and because gross hemo- 
lysis indicated profound cellular damage. 
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The red blood cells exposed to 10 per cent 
tagged urokon were subsequently washed 
three times with untagged 10 per cent 
urokon. Considerable exchange of the in- 
tracellular tagged urokon occurred during 
the washing procedure, but at the conelu- 
sion of the third wash it was determined 
that the intracellular concentration of 
urokon I'*! was three times greater than in 
the supernatant wash solution. 
Quantitation of Hemolysis.\When red blood 
cells were exposed to high concentrations of 
contrast media, increasing hemolysis oc- 
curred with increasingly long periods of 
exposure. When the red blood cells were 
replaced in a physiologic medium (e.g., 
plasma, or 0.85 per cent NaCl), further 
hemolysis occurred. To illustrate the ex- 
tent of the hemolysis, packed washed red 
blood cells were incubated with an equal 
volume of contrast medium for 40 minutes, 
then washed three times with 20 volumes of 
0.85 per cent NaCl solution. The total free 
hemoglobin in each wash solution was 
measured and expressed as a percentage 
of the total hemoglobin present in the 
original intact red blood cell mass. In 
Kigure 3, three contrast media adjusted 
to the same osmolarity (1830 m.osm./kg. 
H.O) are compared with equi-osmolar 


UROKON 
830m osm 
HY PAQUE 3rd Wash 
2nd wasn 
sf Wash 
5 20 
= 
x 
DITRIOKON 
z R340 mosm 
| 
10 } 
a 
mate DEXTROSE 
1830mosm |830mosm 
1830m osm 


lic. 3. Hemolysis following 40 minutes exposure to 
equi-osmolar solutions. The hemoglobin present 
in each wash solution is expressed as a per cent 
of the total hemoglobin present in the original red 
blood cell mass. There was so little hemolysis fol- 
lowing exposure to equi-osmolar solutions of NaCl, 
NasCsH;O; and dextrose that the results of three 
washes were combined in drawing the three blocks 
on the right. 
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solutions of NaCl, NasCsH;O; and dex- 
trose. Evidently, there are substantial dif- 
ferences between contrast media as to their 
ability to damage red blood cells as _mani- 
fested by hemolysis (compare urokon and 
ditriokon). Furthermore, the hemolytic 
effect is much in excess of what could be 
attributed to their hypertonicity; for 
minimal hemolysis occurred when red 
blood cells were exposed to equi-osmolar 
solutions of NaCl, Na;CsH;O; and dex- 
trose. In Figure 4, similar observations are 
recorded for urokon, ditriokon and hy- 
paque in concentrations supplied for use 
in clinical angiography. In addition, there 
are shown the efttects of 70 per cent miokon 
(usually supplied as a so per cent solution 
because of its relative insolubility). On the 
extreme right is shown a “triple medium” 
composed of urokon, hypaque and miokon 
in final concentrations of 23.3 per cent, 
25 per cent and 23.3 per cent, respectively. 
When the medium and ditriokon 
(which is a combination of hypaque 36.7 
per cent and miokon 31.4 per cent) are 
compared with urokon, it is apparent that 
hemolysis may be diminished in the pres- 
ence of combinations of organic iodide 
compounds, where no single compound is 
present in very high concentration. Finally, 
Figure ¢ illustrates the extent to which 
hemolysis is dependent on the concentra- 
tion of the contrast medium. Less than 5 


70% 
UROKON 3rd Wash 
mosm 2nd Wash 
80 a st Wash 
70% 
MIOKON 
260 1990mosm 
2 DITRIOKON 
1950m osm 
40+ 75% TRIPLE 
z HYPAQUE L MEDIUM 
0 1830m osm 2020m osm 
w — 
if | | 


Fic. 4. Hemolysis following 40 minutes exposure to 
concentrated contrast media. The relatively small 
amount of hemolysis observed with the “‘triple 
medium” (which contains 23.3 per cent urokon, 
23.3 per cent miokon and 2§ per cent hypaque) 
may indicate a less damaging effect of combined 
contrast media, in which no single medium is 
present in high concentration. 
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100-- 


80Fr 


PERCENT HEMOLYSIS 


20r 


10 20 30 40 50 60 
PERCENT CONCENTRATION OF UROKON 


Fic. 5. Relation of hemolysis to concentration of 
urokon. Points on the curve represent the com- 
bined hemolysis occurring in three washes follow- 
ing 40 minutes exposure to urokon. 


per cent hemolysis occurred after 40 
minutes of exposure to 33 per cent urokon, 
but hemolysis exceeded 80 per cent after 
comparable exposure to $0 per cent urokon. 

The extent to which hemolysis occurs 
following the clinical use of concentrated 
contrast media must be very small. 
four occasions, samples of venous blood 
were collected within 20 minutes of com- 
pletion of clinical angiographic studies, 
and in no instance did the plasma hemo- 
globin concentration exceed 0.7 mg. per 
100 ml. These findings indicate negligible 
intravascular erythrocyte destruction (7.e., 
certainty less than 0.25 ml. of red blood 
cells). 

th of Urokon on Red Blood Cell Viabil- 
ity. Normal red blood cells tagged with 
Cr*! were exposed to 45 per cent urokon for 
| minute on one occasion and for 45 min- 
utes on another occasion; thereafter they 
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DAYS AFTER INFUSION 


Fic. 6. In vivo survival of red blood cells recovered 
after exposure to 45 per cent urokon. During ex- 
posure and three subsequent saline washes prior 
to undertaking the i7 vivo survival studies, there 
was approximately Io per cent hemolysis of the 
cells exposed to urokon for I minute and $0 per 
cent hemolysis of cells exposed to urokon for 45 
minutes. 


were washed 3 times with saline, resus- 
pended in plasma and reinjected into the 
original donor (see Methods). The cells 
exposed to urokon for only 1 minute under- 
went approximately 10 per cent hemolysis 
prior to injection (7.e., during exposure 
and washing), as compared to approxi- 
mately so per cent hemolysis of the cells 
exposed for 45 minutes. The 77 vivo sur- 
vivals of the injected cells are shown in 
Figure 6. Evidently there was no serious 
damage to the cells which were not hemo- 
lyzed during 1 minute’s exposure to 
urokon and the subsequent washing pro- 
cedure; they exhibited the expected 100 
per cent immediate survival, and the Cr’! 
T3 followed over the succeeding 13 days 
was entirely normal (34 days). However, 
of the injected cells recovered after ex- 
posure to urokon for 45 minutes only 73 
per cent were present in the circulation 10 
minutes after injection, 58 per cent three 
hours after injection and 43 per cent 21 
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hours after injection. Not all of the cells 
were irreversibly damaged, for those which 
were present at 21 hours went on to survive 
normally as observed over the ensuing 12 
days (Cr*! 29 days). 

Observation of the Rabbit Nictitating Mem- 
brane after Intracarotid Injection of Urokon, 
Injections were made into the cannulated 
carotid artery of the nembutalized rabbit, 
with continuous observation of arterioles, 
capillaries and venules employing a Zeiss 
slit lamp with green filter at 16 X magnifica- 
tion. There is normally an irregular pul- 
satile pattern in the membrane vessels, and 
some segmentation of the red blood cell 
column is normally observed when the 
flow through a particular vessel complex is 
temporarily slowed. Sterile pyrogen free 
physiologic saline was injected rapidly in 
amounts of 0.2, 0.4, 0.8 and 1.0 ml. The 
only effect, observed mainly following the 
larger injections, was moderate temporary 
(30-60 seconds) spasm of the arterioles, 
with consequent slowing of flow in the 
capillaries and collecting venules and with 
accompanying segmentation of the red 
blood cell column during the intervals of 
retarded flow. Injection of 70 per cent 
urokon, even in amounts of 0.2 and 0.4 ml., 
was generally accompanied by an irrita- 
tive reaction consisting of transient gen- 
eralized muscular contractions, associated 
with more severe and prolonged spasm of 
the membrane arterioles. When o.8 and 
1.0 ml. of 70 per cent urokon were injected, 
the rabbit often experienced a generalized 
convulsion. Again, during periods of re- 
tarded blood flow secondary to arteriolar 
spasm, segmentation of the red blood cell 
column in the capillaries and venules was 
observed. However, as soon as the ar- 
terioles resumed their normal diameter 
(after I to 3 minutes), normal blood flow 
was promptly reestablished. The observers 
saw no evidence of sludging, or “‘agglutina- 
tion” of the red blood cells that could be 


definitely attributed to a direct effect of the 
urokon causing 77 vivo intravascular ag- 
gregation of the cells. 
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DISCUSSION 


The physiologic mechanisms underlying 
untoward clinical reactions to roentgeno- 
logic contrast media remain somewhat ob- 
scure. While some of the reactions (e.g., 
urticarial) are almost certainly allergic in 
origin, others (e.g., hemiplegia) appear to 
result from damage to areas in which the 
vascular supply is in the direct route of the 
injected material. The present investiga- 
tion throws no light on the problems of 
allergic reactions; its purpose has been to 
explore possible ways in which the contrast 
media might cause direct damage to intact 
viable cells. 

The human erythrocyte can be con- 
sidered a relatively “‘tough” cell by com- 
parison to most other soft tissue cells. It 
withstands refrigerated storage outside the 
human host for 3-4 weeks in relatively 
simple preservative solutions without great 
loss of viability. It is able to withstand 
striking changes in cell volume due to gain 
or loss of water, a property related in part 
to its existence as a “free cell” without 
intimate attachment to adjacent cells, and 
in part to its unique spatial form as a 
biconcave disk. It is interesting therefore 
to consider the changes in size, shape, 
membrane characteristics, and viability 
brought about after exposure to contrast 
media in current clinical usage. 

Fresh erythrocytes were employed 
throughout the present investigation, for 
it was observed that stored red blood cells 
exhibited increased susceptibility to cellu- 
lar aggregation and more rapid and exten- 
sive hemolysis than fresh red blood cells 
tested under identical conditions. The ef- 
fects of the concentrated contrast media 
were manifested rapidly, as evidenced by 
the acute shrinkage ot the red blood cells 
(observed microscopically to occur within 
seconds), the relatively prompt penetra- 
tion of the organic iodide compound across 
the red blood cell membrane (Table tv), 
and the hemolysis (up to To per cent) that 
occurred when exposure was allowed for 
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only 1 minute and then terminated by 
rapid dilution and repeated washing in 
physiologic saline solution. Undoubtedly 
some of the hemolysis observed during the 
washing procedures reflected the “para- 
doxical hypotonic hemolysis” discussed by 
Soderstrom,'® and encountered so drama- 
tically during the washing of red blood 
cells which had been suspended in high 
concentrations of penetrating polyhydric 
alcohols.*:"" When intracellular osmolarity 
has been elevated by suspending cells in 
hypertonic solutions of a substance ca- 
pable of penetrating across the cell mem- 
brane, sudden re-exposure of the cells to 
“physiologic” osmolarity may result in ex- 
tremely rapid entry of water into the cells 
so that they swell and burst. This type of 
hemolysis can be largely eliminated by very 
slow addition of the physiologic wash solu- 
tion, thereby permitting a gradual lowering 
in the osmolarity of the suspending fluid 
and allowing establishment of equilibrium 
between intracellular extracellular 
solute. However, when physiologic saline 
was added very slowly to red blood cells 
which had been suspended in concentrated 
contrast media, only a modest decrease in 
hemolysis was achieved, suggesting that 
osmotic effects were not primarily respon- 
sible for the observed hemolysis. The failure 
of comparably hypertonic sodium chloride, 
sodium citrate and dextrose solutions to 
provoke significant hemolysis (Fig. 3) 
constitutes further evidence that the dam- 
age caused by concentrated contrast media 
results from other than simple osmotic ef- 
fects. The diminished red blood cell sur- 
vival illustrated in the lower curve on 
Figure 6 further documents the extent of 
the red blood cell damage; and provides 
an interesting avenue for further inves- 
tigation into the cause for normal i” viv 
survival of a small proportion of the in- 
jected cells. Other observations which 
merit further study are the discrepancies 
in hemolytic potential among different 
contrast media (illustrated in Fig. 3) and 
the suggestion that hemolytic potential 
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may be decreased by employing ‘“‘com- 
bined” contrast media (e.g., ditriokon, 
hypaque, “triple medium’’) in which the 
total iodine content is high but in which no 
single organic iodide is present in high 
concentration. The importance of the 
stability of organic iodide “combinations” 
deserves special emphasis. For example, 
the “triple medium,” which caused rela- 
tively little hemolysis when freshly pre- 
pared (Fig. 3), was noted to darken in 
color during 3 weeks’ storage at summer 
room temperatures and when retested 
proved to be almost as hemolytic as the 
70 per cent urokon over which it had ex- 
celled previously. 

It remains an open question whether 
serious reactions to roentgenologic contrast 
media may result from aggregation of red 
blood cells, with secondary vascular plug- 
ging, or from a direct toxic effect of the 
media upon the vessel wall itself, particu- 
larly upon the endothelium. Mudd and 
his co-workers'? have demonstrated what 
they describe as “‘agglutinative throm- 
bosis” within small pulmonary vessels in 
stained sections of lung tissue obtained 
from dogs within 1 to 60 minutes after in- 
jection of 7o per cent urokon into the pul- 
monary artery. Similar findings have been 
described by Read and co-workers,'* who 
made direct observations of small pial and 
mesenteric vessels following the rapid 
intra-arterial injection of hypertonic solu- 
tions (20 per cent NaCl, so per cent 
glucose). In another report, Read! has 
stressed the important role of the red 
blood cell in causation of the pulmonary 
hypertension that is observed following in- 
jection of concentrated contrast media into 
the pulmonary artery; for when the iso- 
lated lung was perfused with contrast 
media alone, elevation of pulmonary ar- 
terial pressure did not occur. 

The present authors do not deny the 
possibility that intravascular aggregation 
of red blood cells may be important as a 
cause of clinical reactions. However, we 
were impressed by the fact that: (1) red 
cell clumping did not occur as long as the 
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blood and contrast media were kept in 
motion; (2) clumping might be expected to 
occur secondary to greatly retarded blood 
flow, as appeared to be the case in the 
studies on rabbit nictitating membrane; 
and (3) the red blood cell clumps did not 
resemble tightly adherent immune red 
blood cell agglutinates, but rather repre- 
sented a tangential aggregation of cells 
which could be easily dispersed when the 
stagnant red blood cell suspension was put 
back in motion. Also impressive were the 
evidences for direct damage to the red 
blood cell: hemolysis far exceeding what 
would be expected from the hypertonicity 
of the media, and impaired viability of over 
half of the red blood cells recovered after 
in vitro exposure to contrast medium. It 
seems certain that the exposed vascular 
endothelium must undergo somewhat simi- 
lar changes to those observed in the red 
blood cell, and it might be expected that 
the anatomy of the endothelium would 
make it more susceptible than the red blood 
cell to some of the damaging ettects of the 
media. Evidence for direct vascular dam- 
age has been reported by Zinner and 
Gottlob’ and evidence for altered vascular 
permeability has been presented by Bro- 
man and Olsson.!? 

Whatever may be the actual mech- 
anism(s) underlying nonallergic clinical re- 
actions to contrast media, the present 
studies indicate that the red blood cell may 
serve as a convenient model tor describing 
some of the properties of existing and newly 
developed media. It remains to be seen 
whether evidence of damage to red blood 
cells will be paralleled by a high incidence 
ot serious clinical reactions. However, tt 
would seem to be worthwhile to attempt a 
correlation of 77 vitro red blood cell findings 
with large scale clinical trials as a further 
adjunct in the continuing development of 
safer roentgenologic procedures. 


SUMMARY 


1. Four roentgenologic contrast media 
were studied for their 77 vttro effects upon 
fresh normal human erythrocytes. 
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In the presence of high concentrations 
of contrast media, red blood cells under- 
went rapid shrinkage and exhibited a ten- 
dency to clump in loosely adherent aggre- 

gates. Aggregates could be easily dispersed 
by gently mixing, and initial red blood cell 
aggregation could be largely prevented by 
keeping the blood in motion following ex- 
sag to contrast media. 

x, Rapid penetration of contrast medium 
eee the red blood cell membrane wasdem- 
onstrated employing I'*'-tagged urokon. 

4. Concentrated contrast media were 
capable of directly damaging red blood 
cells, as evidenced by (a) hemolysis in 
excess of that expected due to osmotic ef- 
fects alone and (b) impaired 77 ofvo survival 
of a proportion of red blood cells recovered 
after i” vitro exposure to one of the media. 

s. Observations of the small vessels 
the rabbit nictitating membrane following 
intracarotid injection of 70 per cent urokon 
were inconclusive but did not provide evi- 
dence of primary intravascular clumping 
of erythrocytes. 

The possible value of attempting to 
correlate the in vitro effects of contrast 
media upon red blood cells and the in vivo 
incidence of nonallergic clinical reactions is 
discussed. 

Hugh Chaplin, Jr., M.D. 
The Edward Mallinckrodt 
Institute of Radiology 


s10 South Kingshighway 
St. Louis, Missourt 
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EXPERIMENTAL STUDIES OF DITRIOKON TOXICITY* 


By EUGENE F. BERNSTEIN, M.D.,t ROBERT L. EVANS, Px.D.,f ROBERT F. 


AVANT, BA, 


TYBERG, B.A. 


MINNEAPOLIS, MINNESOTA 


ie VIEW of the development of cardio- 

vascular diagnostic procedures which 
utilize large volumes of concentrated angio- 
graphic agents, the availability of prepara- 
tions with a high degree of radiopacity, low 
toxicity, and ease of rapid administration 
has become important. Factors involved in 
the suitability of such preparations include 
the immediate cardiorespiratory effects, 
renal and nervous system effects, and those 
effects due to such physicochemical prop- 
erties as viscosity and osmolality. 

The recent combination of sodium di- 
protrizoate and diatrizoate, marketed 
ditriokon,* is an attempt to provide a 
preparation with a high degree of radio- 
pacity and low viscosity. It seemed worth- 
while to evaluate this preparation experi- 
mentally for possible utilization in forward 
angiographic procedures requiring large 
doses of radiopaque materials. 


ACUTE ANIMAL TOXICITY STUDIES 
A, MATERIALS AND METHODS 
Mongrel dogs of both sexes weighing 
from §.5 to 10.9 kg. were anesthetized with 
sodium pentobarbital. Aortic blood pres- 
sure was monitored by means of a catheter 
in the proximal descending thoracic aorta 
connected to a Statham P23D strain gauge 
and recorded on a Sanborn Twin-Viso re- 
corder. Lead II of the electrocardiogram 
was also monitored on this recorder. Ob- 
servations were made of the microcvircula- 
tion of the bulbar conjunctiva, of the 
presence and duration of apnea following 
injection, and of survival. 
Ditriokont was administered in graded 
* Mallinckrodt Chemical Works. 


+ Generously supplied by Mallinckrodt Chemical Works, St. 
Louis, Missouri. 


doses trom 3 to 7 cc. per kg. body weight, 
through a No. 280 poly ethylene tube in- 
serted into the vena cava via the femoral 
vein. Injection was made with the aid of a 
steel syringe and a hand lever injector, and 
in all instances the time required for injec- 
tion was less than 1.5 seconds. Three dogs 
were injected at each dose level. Animals 
which survived for twenty minutes with 
normal vital signs were sacrificed, and, to- 
gether with all animals which succumbed, 
were autopsied. 
B. RESULTS 

A summary of the results of the acute 
animal toxicity studies is presented | 
Table 1. In general, doses of 3 and 4 cc. of 
ditriokon per kg. body weight were well 
tolerated. There were some ST and T wave 
changes on the electrocardiogram but these 
were, in general, rapidly reversed. In a 
number of these animals, there was a short 
period of initial hypertension, uniformly 
followed by a period of hypotension. At the 
3 cc. per kg. dose, the maximum systemic 
diastolic blood pressure drop ranged from 
33 per cent to 50 per cent of the pre- injec- 
tion values. At 4.cc. per kg., the maximum 
systemic diastolic blood pressure drop 
ranged from 70 to gt per cent of the con- 
trol values. 

As the dose of ditriokon was increased 
to $, 6, and 7 cc. per kg., the electrocardio- 
graphic and blood pressure changes be- 
came more severe. The presence of an 
atrial T wave, and severe S-T changes were 
accompanied by marked and_ irregular 
bradycardia, apparently of sinus origin. 
The post-injection phase of hypotension was 
uniformly profound (see Table 1). 

Observations of the small blood vessels 


* From the Departments of Surgery and Physiology, University of Minnesota Medical School, Minneapolis, Minnesota. 
This study was supported in part by Grant H.-4335, National Heart Institute, United States Public Health Service. 
+ Post-Doctoral Research Fellow, National Heart Institute, United States Public Health Service. 


t¢ Assistant Professor, Department of Physiology. 
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of the bulbar conjunctiva revealed the pres- 
ence of some red blood cell aggregation in 
almost all of the dogs following ditriokon 
injection. In general, there was some cor- 
relation between the dose of ditriokon ad- 
ministered and the degree of aggregation 
visualized. 

In the dogs receiving 3 cc. of ditriokon 
per kg., there was little or no respiratory 
arrest following injection (Table 1). This is 
in marked contrast to the normal 30 to 40 
second period of apnea which follows the 
injection of an equal volume of hypaque go 
per cent in the dog.' With larger injections 
of ditriokon, apnea appeared and became 
progressively longer with increased dosage. 

At autopsy, in the 3 and 4 cc. per kg. 
dose range, most animals had minimal 
areas of pulmonary hemorrhage, or dilata- 
tion of pulmonary capillaries and, or veins. 
As the dosage of ditriokon was increased, 
the appearance of localized areas of pul- 
monary hemorrhage was common. How- 
ever, dilated pulmonary capillaries and 
veins were the most prominent and con- 
sistent histologic findings at all dose levels 
tested. Histologic sections of the heart, 
liver, pancreas, spleen, small intestine, and 
kidneys of all of the animals studied failed 
to reveal any other significant pathology. 

A comparison of the mortality subse- 


quent to massive intravenous doses of 


ditriokon and hypaque go per cent (as re- 
ported previously!) is shown in Figure 1. 


ro) 
oO 


(%) 


Mor tality 


Fic. 1. Dose-mortality curve following rapid intra- 
venous injections of ditriokon (40 mg. I/cc.) and 
hypaque go per cent (46 mg. I/cc.) in the dog. 


Avant and J. V. Tyberg DECEMBER, 1964 
It may be noted that mortality has been 
plotted against milligrams of iodine de. 
livered per kg. body weight, rather than 
in terms of volume of media. It is felt that 
this is a more equitable way of comparing 
opacification ability with mortality. 

Several examples of the blood pressure 
and electrocardiographic response to mas. 
sive doses of ditriokon are shown in Figures 
2, 3, and 4. At a dose of 3 cc. per kg., it may 
be seen that there are essentially no 
changes in cardiac rate or rhythm, and 
minor and rapidly reversible T wave 
changes in the electrocardiogram (Fig. 2), 
When the dose is increased to 6 cc. per kg,, 
an initial hypertension, accompanied by 
prompt S-T segment changes, is followed 
by a severe sinus bradycardia, profound 
hypotension, and death (Fig. 3). A similar 
pattern, shown in Figure 4, was recorded 
in an animal receiving 7 cc. of ditriokon 
per kg. Electrocardiographic changes in 
the animals receiving very large doses of 
ditriokon are seen within 1—2 seconds of the 
start of injection. Some direct toxic action 
or reflex mechanism involving the sino- 
atrial node appears to be involved. 


PHYSICOCHEMICAL STUDIES 


4. OSMOLALITY 


Determinations of the osmolality of a 
number of commonly  angio- 
graphic media were performed using a 
Kiske osmometer,* which employs the 
freezing point depression principle. The 
studies are summarized in Table u, in 
comparison to normal blood osmolality, 
and indicate the relative hypertonicity of 
the substances studied. There is a good 
correlation between the osmolality and the 
amount of iodine in the compounds studied. 

These studies are of particular interest 
in view of the recent report which impli- 
cates osmolality as one of the most im- 
portant factors in the subsequent devel- 
opment of red blood cell aggregation and 
hemodynamic alterations following the 
rapid injection of these agents.’ Ditriokon 


* Through the cooperation of Dr. Theodore R. Grage. 
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Dog # 1659 
Dose: 3 cc Ditriokon /kg 


oO 


Blood Pressure 
| 


EKG 


| sec. 


Fic. 2. Blood pressure and electrocardiographic response to the rapid intravenous injection of 3 cc./kg. 
ditriokon. Some ST segment and T wave changes are seen, along with a minor blood pressure depression. 
Injection is indicated on the timer tracing. 


Dog # 1744 
Dose: 6 cc Ditriokon / kg 


5 200 


EKG 


\ 


| sec. 


Fic. 3. Marked response to a 6 cc./ kg. dose of ditriokon with some hypertension followed by profound 
hypotension and bradycardia. Note the almost immediate electrocardiographic changes, which begin 
within one second from the start of the injection (timer line). 
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Dog # 1546 
Dose: 7 cc Ditriokon / kg 
35 200r 
8 


EKG 
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| sec. 


Fic. 4. An intravenous dose of 7 cc./ kg. ditriokon was uniformly lethal. Marked electrocardiographic 
aberrations accompany the profound and rapidly fatal hypotension. 


is essentially equal in osmolality to hy- 
paque go per cent, and yet, utilizing iden- 
tical injection procedures, it appears to 
have an LD; approximately twice that of 
hypaque go per cent.' In this regard, it 
should be noted that the ditriokon injec- 
tions were considerably more rapid than 
those of hypaque go per cent, as a result of 
its decreased viscosity, although the same 


injection apparatus was used in_ both 
studies. This factor was expected to in- 
crease its toxic effects, but despite this, the 
observed mortality was decreased. 
B. VISCOSITY 

Utilizing a modified Eckstein, Book and 
Gregg viscosimeter, measurements of the 
viscosity of a number of commonly utilized 


Tas_e I] 


OSMOLALITY AND IODINE CONTENT OF ANGIOGRAPHIC AGENTS 


Osmolality Per Cent Iodine Ratio 
(mOsm./L.) (gm./100 cc.) (osmolality, per cent I) 

Renografin 60% 1360 29.3 46.5 
Hypaque 50% 1376 30 45.9 
Renografin 76% 1648 37 44.6 
Hypaque 75% 1716 39.3 43.8 
Cardiografin 85% 1goo 40 47.5 
Ditriokon 68.1% 1g04 40 
Hypaque 90% 2020 46 44 
Urokon 70% 2140 46 40.5 
Whole Blood 285 


Average: 45.8 
Range: 43.8-47.6 
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angiographic preparations were performed 
through a temperature range of approxi- 
mately o-so C. The preparations studied 
included 50, 75 and go per cent hypaque,* 
60 and 76 per cent renografin,t 85 per cent 
cardiografint and ditriokon. 

The results of these measurements are 
presented 1 in Figure $, in comparison with 
the viscosity of whole blood. It may be 
noted that ditriokon is considerably less 
viscous than the other tested agents with 
comparable iodine contents. In addition, it 
may be noted that heating this agent from 
room temperature (25°C.) to body tem- 
perature (37°C.) has little effect upon its 
viscosity, In contrast to the marked effects 
of heating some of the more concentrated 
diatrizoate preparations. 

C, COMPARATIVE INJECTION RATES 

Utilizing the information obtained from 
the viscosity measurements and the per- 
centage of iodine contained in the various 
preparations, calculations of the compara- 


tive injection rates of (a) the volume of 


material and (b) the amount of iodine 
which can be injected with an identical in- 


jection pressure, catheter system, etc., have 


been made. For this purpose, the viscosity 
of the substances at room temperature has 
been utilized. It may be noted that more 
than ¢ times as much ditriokon as hypaque 
go per cent could be injected in a given 
period of time, and this would contain 4.5 
times as much iodine. These calculations 
assume laminar flow, which is a valid as- 
sumption only in low pressure injection 
systems. In high pressure injections, flow 
is often turbulent, and the differences be- 
tween injection rates are not as marked as 
those calculated in Table mu. In the acute 
animal toxicity studies, the ratio of the 
rates of injection of ditriokon and hypaque 
gO per cent varied from 2 to 6. 


DISCUSSION 


The animal toxicity studies indicate that 
massive doses of ditriokon may be given 


* Generously supplied by Winthrop Laboratories, Inc. 
T Generously supplied by E. R. Squibb & Sons. 
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Itc. 5. Viscosity of commonly employed iodinated 
radiopaque compounds used for angiography over 
a temperature range from o-s50° C. 


with considerably greater initial safety 
than equal doses of hypaque go per cent. 
The value of these observations for such 
studies as intravenous aortography appears 
obvious. While the clinical application of 
such large doses as have been used in 
these studies is not immediately justifiable, 
the utilization of ditriokon for such studies 
should be associated with increased patient 
satety, and some cautious increase in pa- 
tient dosage may be justified. 

The low viscosity of ditriokon permits 


TaB_Le III 


CALCULATED COMPARATIVE INJECTION RATES 
(PER UNIT TIME)* 


Preparation Volume Amount 

of 
Hypaque 90% 1.0 1.0 
Cardiografin 85% 1.8 1.6 
Renografin 76% 2.5 
Hypaque 75% 3-3 2.7 
Ditriokon 68.1% 5,2 5 


| 


* Preparation at room temperature (25°C.), with standard 
injection pressure, catheter system, etc., and relative to hypaque 
go per cent as unity, based on viscosity measurements, and assum- 
ing laminar flow (see text). 
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Fic. 6. Comparison of thoracic aortograms of the same dog, utilizing identical injection apparatus and 
j 
pressure, and equal volumes of (a) hypaque go per cent, (4) ditriokon, (c) hypaque 75 per cent and (d) 
cardiografin 85 per cent. 
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its utilization at room temperature, as well 
as its more rapid injection under standard 
injection conditions. The marked decrease 
in cardiovascular reaction to this hyper- 
tonic agent, as compared with hypaque go 
per cent, is of considerable theoretic signif- 
icance in any attempt to invoke hyper- 
tonicity alone as the cause of the hemo- 
dynamic alterations observed. The data 
presented appear to show that viscosity 
has a significant role in this mechanism. 
While these studies indicate that ditrio- 
kon is relatively well-tolerated insofar as 
the acute cardiorespiratory response to 
rapid intravenous injection is concerned, it 
must be noted that the sodium diprotrizoate 
(miokon) fraction has been demonstrated 
to contain the potential for nephro-and 
neurotoxicity when administered  sep- 
arately. Long-term studies of the toxic po- 
tential of ditriokon to the kidney and the 
central nervous system therefore appear ap- 
propriate for future investigation. 


SUMMARY 

Experimental studies have been per- 
formed in an attempt to evaluate a new 
angiographic preparation. Acute intra- 
venous toxicity studies in the dog indicate 
that the LDs» of ditriokon is approximately 
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twice that of hypaque go per cent. The 
ratio of osmolality to percentage of iodine 
content is essentially constant for all the 
angiographic preparations studied. Viscos- 
ity studies indicate the capability of ditrio- 
kon to be delivered in large amounts per 
unit time (with high iodine content) under 
standard injection conditions. Ditriokon 
would appear worthy of clinical trial in 
procedures requiring large amounts of con- 
centrated radiopaque angiographic media. 
Caution is advised, however, inasmuch as 
the potential of ditriokon to cause central 
nervous system and renal damage has not 
been evaluated in long-term experiments. 


Eugene I’. Bernstein, M.D. 

Department of Surgery 

University of Minnesota Medical School 
Minneapolis, Minnesota 


REFERENCES 

1. Bernstein, FE. F., Patmer, J. D., Aapere, T. A., 
and Davis, R. L. Studies of toxicity of hypaque- 
go per cent following rapid intravenous injec- 
tion. Radiology, 1961, 76, 88-95. 

2. Eckstein, R. W., Book, D., and Greece, D. E. 
Blood viscosity under different experimental 
conditions and its effect on blood flow. 4m. F. 
Physiol., 1941, 135, 772-775. 

3. Reap, R. C. Cause of death in cardioangiography. 
}. Thoracic Surg., 1959, 38, 685-695. 


: 
“es 
a 
2 
| 
| 
| 
F 
2 


DercemBeErR, 1961 


THE ROENTGEN DIAGNOSIS OF HEMANGIOMA 
OF BONE* 


By ROBERT S. SHERMAN, M.D., and DANIEL WILNER, M.D. 


NEW YORK, NEW YORK 


EMANGIOMA of bone is a benign, 

slowly growing tumor arising from 
newly formed blood vessels and it is one of 
the primary osseous neoplasms. Histologi- 
cally, two types are recognized, cavernous 
and capillary. The cavernous is made up of 
large, thin-walled vessels and sinuses which 
are lined by a single layer of endothelial 
cells interspersed among resorbed bony 
trabeculae. The capillary type is composed 
of fine capillary loops which tend to spread 
outward in a sunburst fashion. Cavernous 
hemangiomas are commonly found in the 
vertebrae and skull, while the capillary 
variety is more likely to be encountered in 
flat bones and in the metaphyses of the 
long bones.°*” 

Osseous hemangiomas are rather rare 
tumors. The first report referring to the 
roentgen findings in this tumor was by 
Hitzrot”’ in 1917. Bucy and Capp"’ in 1930, 
described the appearances in 7 cases se- 
lected from the Bone Tumor Registry. 
Lichtenstein®® has observed only a few of 
these neoplasms as surgical specimens. At 
the Mayo Clinic, Dahlin" encountered 13 
hemangiomas of bone constituting 0.6 per 
cent of the total primary bone tumors at 
that institution. As Jatte*’ has stated, when 
one excludes both the vertebral hemangio- 
mas and those in the skull, then this type of 
primary neoplasm becomes an uncommon 
condition indeed. 

A review of the material available to us 
brought to light 45 cases of primary heman- 
gioma of bone, all of which were histologi- 
cally proved except for a few having a 
characteristic roentgen pattern in the ver- 
tebrae and skull. The present purpose is to 
report the roentgen appearance of these 
tumors with the object of making their 


*p 


1960, 


identification more reliable for the roent. 
genologist. 

The location of the 45 hemangiomas js 
given in Table 1. 


TABLE I 
LOCATION OF 45 HEMANGIOMAS 


Spine Facial Bones 
Cervical 1 Mandible 3 
Thoracic 5 Nasal I 
Lumbar 8 Zygoma 

Ribs 5 
Skull 13 Clavicle I 
Foot 2 
Long Bones 5 


| 


More than half of the hemangiomas were 
in the skull and spine. An inflated percent- 
age of hemangioma in the other bones may 
be present because of the tendency of pa- 
tients with tumors and tumor-like lesions 
of the bone to find their way to this institu- 
tion plus the fact that a number of spinal 
tumors, having been discovered inciden- 
tally, undoubtedly escaped being recorded 
in the diagnostic files. 

HEMANGIOMA OF THE SPINE 

Because of a general familiarity on the 
part of radiologists with the appearance ot 
hemangioma in this site, only a summary of 
the material will be given. Apparently 
there is a wide disparity between the ana- 
tomic and the roentgen incidence of verte- 
bral hemangioma. This fact has been de- 
monstrated by Schmorl,®? and 
later by Junghanns.” In 3,829 vertebral 
columns studied in Schmorl’s institute, the 
incidence of hemangioma was revealed to 
be 10.7 per cent, and another report of 


resented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
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yo,000 spinal columns studied revealed a 
similar incidence. It is now well known that 
the smaller, asymptomatic vertebral he- 
mangiomas rarely can be demonstrated on 
roentgenograms, a fact proved by roentgen 
examination of autopsy material. 

Hemangioma of the spine usually is a 
single lesion, but sometimes two or more 
vertebral bodies are involved. While the 
process is generally in the vertebral body, 
other portions of the vertebra can be the 
site of the disease. When the hemangioma 
is of adequate size, the roentgen diagnosis 
is usually not difficult. 

There may be a slight general diminu- 
tion in the over-all bone density of the ver- 
tebral body. The most characteristic find- 
ing, however, is the presence of parallel, 
somewhat fuzzy, vertical linear streaks, 
which give the so-called “‘corduroy cloth” 
appearance. This effect is noted particu- 
larly in the lateral projection, and it is 
sometimes accompanied, particularly in 
sagittal projection, by a fine reticulated or 
“honeycomb” texture. The cortex of the 
vertebral body may become somewhat 


Fic. 1. (4) Hemangioma of the fifth cervical vertebra showing involvement of the body, pedicles and spinous 
process. (B) Hemangioma of the sixth thoracic vertebra. Note the pillar-like trabeculae running in a 


Jongitudinal axis. 
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fuzzy, ragged and ill-defined, but usually 
its outer border is intact (Fig. 1, 7 and B; 
and 2, 4 and B). With compression frac- 
ture, many of these characteristic findings 
become less evident or are obscured. 

A compression fracture was observed in 
3 instances. One, in which the compression 
of the body was only partial, showed that 
many of the roentgen characteristics of 
hemangioma were preserved (Fig. 3, 4 
and B). In the second, the gradual progres- 
sion of the compression was followed by 
serial roentgen studies (Fig. 4, 47, B and C). 
The third revealed extensive destruction 
and such a pronounced degree of collapse of 
the vertebral body that roentgenologically 
a diagnosis of hemangioma could not pos- 
sibly be made. 

Most hemangiomas of the spine are 
asymptomatic. However, in 2 of the pa- 
tients, there was a vague intermittent type 
of pain. In the 3 instances where compres- 
sion fracture occurred, there were both 
subjective and objective findings. Two of 
the patients complained of severe pain in 
the back and examination disclosed spasm 
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Fis. 2. (4 and*B) Hemangioma of the third lumbar vertebra. The parallel linear streaks running 
vertically in the body give a ‘“‘corduroy cloth” appearance. 


Kc. 3. (4 and B) Hemangioma of the third lumbar vertebra complicated by a compression fracture. The 
characteristic vertical striations have been replaced by a coarse, irregular trabecular pattern. 
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Fic. 4. (4, Band C) Hemangioma of the ninth thoracic vertebra showing interval compression 
over a period of ten weeks. 


and rigidity of the muscles of the lumbar 
region. The third displayed signs of com- 
pression of the spinal cord as evidenced by 
spastic paraplegia with a sensory level at 
the thoracic segment. Four of the patients 
were treated by irradiation and showed a 
satisfactory response. Two were relieved of 
their complaints, and they have remained 
symptom-free for more than ten years. 

Schlezinger and Ungar*! reviewed the 
literature in 1939 and added 2 cases of their 
own to make a total of 40 patients who had 
neurologic changes associated with com- 
pression of the spinal cord due to heman- 
gioma of bone. Robbins and Fountain* re- 
cently reported a successtully treated case 
of hemangioma of the cervical vertebrae 
with severe myelocompression, stating that 
it was the eleventh such case described. 

In the differential diagnosis, hemangioma 
of the vertebrae sometimes must be distin- 
guished from Paget’s disease. In osteitis 
deformans there is usually a more uniform 
increase in bone density and there is fram- 


ing of the vertebral body by a zone of 


cortical thickening and sclerosis. Malignant 
lymphomas occasionally show changes sim- 
ilar to hemangioma of bone and meta- 
static cancer and multiple myeloma simi- 
larly must be considered in differential diag- 
nosis. 


HEMANGIOMA OF THE SKULL 


The first such case was reported by 
Toynbee in 1845. In 1949, Wyke™ reviewed 
the literature and uncovered 39 primary 
angiomatous lesions in the skull. 

The hemangiomas of the skull reported 
here are confined to the frontal bone. The 
lesion tends to be quite typical roentgenolog- 
ically, being represented by a single area 
of rarefaction, which is usually either 
round or oval in shape. There is a variation 
in size from 1 to 7 cm. in diameter. The in- 
ternal pattern is characterized by fine, 
delicate striae or reticulations, which being 
closely knit often assume a “honeycomb”’ 
appearance (Fig. 5, 4 and B; and 6). These 
striations on occasion are exaggerated and 
give a “sunburst” appearance. 

A few of the smaller lesions seemed al- 
most entirely lytic with no discernible in- 
ternal pattern. The margins of the defects 
were sharp and well delineated from the 
surrounding normal bone and sometimes a 
fine margin of bone condensation was seen 
at the periphery. 


Several cases were somewhat atypical. 
One was spindle-shaped, measuring 7.0 X 2.5 
cm. Another of the larger lesions, measuring 
5.55.0 cm., showed a centrally placed 
radiolucency surrounded by the usual 
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Fic. 5. Hemangioma of the skull. (4) A round area in the frontal bone showing a finely porous “honeycomb’ 
rarefaction. (B) Tangential view of same skull showing radial striations giving the “sunray” type of ap- 


pearance. 


“honeycomb” type of septation, while at 
the periphery of the lesion there were clus- 
tered small, round, fairly distinct radiolu- 
cent areas. A hemangioma measuring 
3X3 cm. and seen as a round defect in the 
right frontal bone had a dense compact 
segment of bone in its medial portion. 
However, there was an accompanying 
“honeycomb” pattern surrounding the 
dense central area. One hemangioma was 
purely lytic in one half of the lesion, 
whereas the other half presented the 
characteristic “honeycomb” reticulation. 


Tangential or profile views are particu- 
larly informative and constitute a neces- 
sary part of the roentgen examination of 
lesions in this area. Ordinarily, the bony 
tumefaction is seen extending outwards 
bevond the normal confines of the bone. 
This external bulging is sometimes accom- 
panied by an erosion of the outer table of 
the skull, whereas the inner table tends to 
be well maintained. The profile view fre- 
quently discloses vertical striations assum- 
ing a “sunray” type of appearance. These 
bony striae seem to be directed in a radial 
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manner as though originating from a com- 
mon center (ig. 5B). Six of the cases pre- 
sented this appearance. 

Conditions to be considered in differen- 
tial diagnosis include cancer metastases and 
multiple myeloma, and, when the profile 
views reveal vertical striations, a meningi- 
oma may have to be ruled out. A few 
hemangiomas bear a close resemblance to 
epidermoids. However, the outline of these 
lesions tends to be more serpiginous, the 
margins are fairly dense due to a fine 
sclerotic border, and they do not have a 
reticulated or “honeycomb” pattern. Os- 
teoma at times closely resembles heman- 
gioma and in some instances the differen- 
tial diagnosis is almost impossible to make 
with assurance. Generally speaking, how- 
ever, an osteoma is uniformly dense or has 
a pattern that looks more like normal 
trabeculae. 


HEMANGIOMA OF THE MANDIBLE 


Two of the 3 cases in the mandible 
presented a fairly classic roentgen appear- 
ance. One was a nineteen year old female 
who had noted a swelling two years pre- 
viously. This gradually increased in size. 


Fic. 6. Hemangioma of the skull showing a more 
coarse “honeycomb” rarefaction. 


Hemangioma of Bone 


Kic. 7. Hemangioma of the body of the mandible. 
(4) A roentgenogram of the gross specimen show- 
ing the classic “sunray” appearance. (B) Tan- 
gential view showing the characteristic radiating 
spicules at right angles to the bone. 


Physical examination showed a hard en- 
largement, 4X3 cm., which involved the 
entire thickness of the bone. Roentgen 
examination demonstrated a multiloculated 
expanding lesion in the body of the left side 
of the mandible. The expanded area con- 
tained thick coarse trabeculations radiating 
outwards from a somewhat ill-defined cen- 
ter point. The cortex was intact and there 
was no evidence of any soft tissue compo- 
nent. The pathologic diagnosis from an 
incisional biopsy was hemangioma of bone, 
cavernous type. 

A roentgenogram of the second case re- 
vealed an expanding, osteolytic lesion with 
numerous trabeculae radiating in all di- 
rections. Tangential views displayed char- 
acteristic radiating spicules at right angles 
to the surface of the bone. A roentgenogram 
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Fic. 8. Hemangioma of the nasal bones. The internal 
pattern of the expanding lytic lesion is that of a 
fine fibrillary network of bony striae. 


of the resected gross specimen showed the 
classic “sunray” appearance (Fig. 7, 7 and 
B). 

Castleman” discussed a case of heman- 
gioma in the mandible from the files of the 
Massachusetts General Hospital, in which 
the roentgenograms showed an expansion 
of the bone, thinning of the cortex and an 
irregular, fine lacy osseous network pro- 
ducing honeycombing. 


HEMANGIOMA OF THE NASAL BONES 


The first case of primary hemangioma ot 


the nasal bones was reported in 1936 by 
Neivert and Bilchick.*? Another was des- 
cribed by Bloom® in 1954. The roentgeno- 
grams of the presently reported case 
showed an expanding predominantly lytic 
lesion, ovoid in configuration. The cortex 
was completely gone, but there did appear 
to be a fine limiting shell of periosteal new 
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bone. The internal pattern of the tumor 
created a fine fibrillary network, highly 
suggestive of the diagnosis of hemangioma 
(Fig. 8). 


HEMANGIOMA OF THE ZYGOMA 


This is the only case known in which he- 
mangioma has been described in this bone, 

The patient, a forty-six year old female, 
noted a swelling below the left eve for two 
vears. Physical examination disclosed a 
bony protrusion 2.5 cm. in diameter along 
the interior outer portion ot the left orbit. 

Roentgenographic examination demon- 
strated a somewhat expanding lytic lesion 
in the superior portion of the left zygoma. 
The inferior margin of the lesion was dis- 
tinct and the internal pattern of the tu- 


B 
Hic. g. Hemangioma of the right zygoma. (4) The 
interior of the tumor shows an exaggeration of the 


diploic spaces giving a “honeycomb” type of ap- 
pearance. (B) Photograph of resected specimen. 
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mor had a reticulated and “honeycomb” 
appearance (Fig. 9, 4 and B). In general 
the roentgen appearance of the lesion was 
quite typical. The tumor was completely 
excised. The pathologic diagnosis was 
hemangioma of bone. 


HEMANGIOMA OF THE RIBS 
AND CLAVICLE 

The roentgen appearance of hemangio- 
mas in these sites was sufficiently unique so 
as to offer special problems in differential 
diagnosis. 

A thirteen year old white male with a rib 
lesion was struck in the right side of the 
chest two years previously, suffering sufh- 
cient pain to require strapping. Since that 
time, there had been intermittent discom- 
fort. Physical examination disclosed ten- 
derness, but no swelling. 

Roentgen examination showed an ex- 
panding lytic lesion anteriorly in the right 
sixth rib. The bony architecture was com- 
pletely lost in a portion of the defect. A 
very faint cortical rim could be detected 
about the periphery, forming a sharp line 
of demarcation with the normal bone. The 
rib was resected and the pathologic diagno- 
sis was hemangioma. The roentgen appear- 
ance of this tumor can hardly be considered 


Fic. 10. Hemangioma of the left fifth rib. (4) The posterior portion of the rib is widened and replaced by 
coarse bony septa which give the bone a vacuolated appearance. (B) A chest roentgenogram showing a 


soft tissue mass surrounding the rib lesion. 
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typical of hemangioma. Some resemblance 
to giant cell tumor, fibrous dysplasia and 
chondroma is noticeable. 

A routine chest roentgenogram revealed 
a puzzling process in the left fifth rib of a 
twenty-nine year old female who was 
asymptomatic. The posterior portion of 
the rib was widened and replaced by a 
coarse web-like pattern of vacuolated 
appearance. The superior and_ inferior 
borders formed irregular, thinned-out cor- 
tical margins, and there were a few bony 
septa or ridges perpendicular to the axis of 
the rib. A surrounding soft tissue mass 
measuring about 6 cm. was present (Fig. 
10, 4 and B). A resection of the fourth, 
fifth, sixth and seventh ribs was carried 
out and the histologic diagnosis was heman- 
gioma of the bone. The roentgen appear- 
ance of this particular tumor can be con- 
fused with osteogenic sarcoma because of 
the irregular destruction of bone, the un- 
usual internal pattern and the soft tissue 
mass. The significant point here is the fact 
that a soft tissue mass may occasionally 
accompany hemangioma of bone. 

On a routine chest roentgenogram of a 
thirty-five year old asymptomatic female, 
a bizarre expanding defect of the right 
eighth rib was discovered. This portion of 
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Fic. 11. Hemangioma of the clavicle. (47) roentgeno- 
gram of the gross specimen showing an exaggera- 
tion of the diploic spaces giving the bone a coarsely 
porous “honeycomb” pattern. The cortex is gone 
and perpendicular spiculations can be seen along 
the upper and lower borders of the external end of 
the clavicle. (B) A photograph of the gross speci- 
men showing a lobulated soft tissue angiomatous 
mass surrounding the bone tumor. 


the rib was enlarged to about twice its nor- 
mal diameter and it presented a multi- 
loculated appearance. Lytic areas were 
surrounded by irregular formations of bone. 
Cortical margins were thinned-out and 
distorted, and some areas appeared to be 
destroyed, particularly along the inferior 
border. The right eighth rib was resected 
and the pathologic diagnosis was cavernous 
hemangioma. 

Again a diagnosis of malignant tumor, 
particularly osteogenic sarcoma, would 
have to be considered although the fairly 
well formed locules, the quite sharp line of 
demarcation between the involved and the 
normal bone, and the absence of periosteal 
reaction would be points of some value 
against malignant tumor. Castleman!! dis- 
cussed a very similar case and stated that 
it was the only one he had ever seen in a 


rib. 


A forty-four year old white male stated 
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that a lump had been present on his left 
collar bone for about nine years, following 
an injury. There was some associated pain 
which had increased in time. Roentgen 
therapy was given with some relief of symp- 
toms. Recent physical examination dis- 
closed a fixed, nontender mass in the outer 
third of the clavicle, which measured § cm, 
in diameter (Fig. 11, 7 and B). 

This particular case is unusual not only 
because of the clinical history but the fact 
that the roentgen appearance strongly 
suggested a malignant tumor, especially 
osteogenic sarcoma, except that the bone 
destruction in the spongiosa was quite 
orderly and the existing “honeycomb” pat- 
tern would not ordinarily be encountered 
in a malignant neoplasm. 

Bucy and Capp!’ reported a somewhat 
similar appearing tumor at the sternal end 
of the clavicle. 


HEMANGIOMA OF THE BONES 
OF THE FOOT 

One of the 2 cases of tumors occurring in 
this area is of special interest. 

The patient was a fifty-five vear old 
white female who had fallen and injured 
her right foot fifteen years previously. 
Fight weeks after the injury she com- 
plained of pain and some swelling was then 
noted. The pain subsided, but the swelling 
persisted for about ten years or so, after 
which she thought that an increase in the 
size of the swelling had taken place. Phys- 
ical examination revealed a bony hard 
mass on the dorsum of the foot. 

Roentgen examination showed a some- 
what rarefied expanding lesion involving 
the entire extent of the first metatarsal and 
the adjacent tarsal bones of the foot as well. 
There were innumerable small locules giv- 
ing the involved bone a_ characteristic 
“soap-bubble” appearance. tangential 
view showed numerous fine delicate septa 
tending to run perpendicular to the long 
axis of the metatarsal bone (Fig. 12). The 
lesion was removed and the pathologic 
diagnosis was hemangioma of bone. 
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HEMANGIOMA OF SOFT PARTS 
INVADING BONE 


Twenty-three cases were studied roent- 
genologically in which patients with soft 
tissue hemangiomas were subjected to 
roentgen examination. In 15 of these there 
was roentgen evidence of bone involve- 
ment. In most instances the hemangioma 
of the soft parts harbored multiple, round 
discrete calcifications representing phlebo- 
liths, a finding not noted in primary he- 
mangioma of bone. 

Soft tissue hemangiomas may reach very 
large proportions without involving bone, 
but if the neighboring bone is affected, it 
it may be altered in various ways. The 
simplest type of secondary change is merely 
a smooth indentation or erosion of the cor- 
tex. This was noted in 3 of the 15 cases. 
Another group showed a triad of roentgen 
findings; v7z., enlargement of the bone, 
coarsening of the bony trabecular structure 
and thinning of the cortex. In other instan- 
ces pressure-type deformities of the neigh- 
boring bones were encountered. There was 
one such instance in which the tibia and 
fibula showed a saucerized defect with 
anterior bowing secondary to the presence 
of a large hemangioma (Fig. 13). In addi- 
tion, the bony texture was altered to a de- 
gree that suggested the presence of heman- 
gioma within the bone itself. 


Fic. 12. Hemangioma of the first metatarsal and ad- 
jacent tarsal bones of the foot. The presence of 
numerous small locules give the bone tumor a 
“soap-bubble” appearance. Note the numerous 
fine delicate septa running perpendicular to the 
long axis of the bone. 
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Fic. 13. Pressure deformities of the tibia and fibula. 
The trabecular structure is unusually coarse be- 
cause of widening of the diploic spaces. Note the 
presence of phleboliths in the surrounding soft 
tissue tumor. 


HEMANGIOMATOSIS 


Multiple hemangiomas may develop 
independently throughout the body. Two 
of the patients examined showed diffuse 
involvement of the arm and forearm. Four 
displayed extensive disease of the thigh and 
leg. One revealed widespread hemangio- 
matosis of the toes, while another presented 
multiple soft tissue hemangiomas in both 
hands and both legs. The soft tissue 
changes were often accompanied by def- 
inite enlargement of the neighboring 
skeletal parts (Fig. 14, 47 and B). 

One of the more striking examples of 
hemangiomatosis was a case of a sixty-five 
year old female who had had numerous 
blood vessel tumors since the age of three. 
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Fic. 14. Soft tissue hemangiomas producing secondary changes in bones. (4) Widening of the phalanges of 
the left foot. (B) The normal right foot is shown for comparison. 


Many of these were removed when the 
patient was fourteen years old and others 
were excised ten years later. The lesions 
subsequently recurred and increased in 
size so that they were visible over the en- 
tire body with the exception of the right 
upper extremity, the lower half of the left 
leg and the left foot. In the neck and ab- 
dominal wall in particular, numerous 
subcutaneous, soft, bluish-red, nonpulsat- 
ing vascular lesions were encountered. 
Roentgen examination showed that both 
lower extremities were diffusely involved 
by soft tissue hemangiomas. The large 
nodular soft tissue masses could be seen 
projecting from the skin surface and similar 
nodules could be detected in the deeper soft 
parts as well. There were many phleboliths. 
Pronounced changes were noted in the feet; 
there was disappearance of the phalanges of 
a number of toes and the metatarsals were 
attenuated and spindle shaped (Fig. 15 B). 


There was cortical thickening in many of 
the long bones with peculiar wavy irregu- 
larities in marginal outline. Ill-defined bony 
overgrowths projected from the shaft ina 
perpendicular fashion and there seemed to 
be actual sequestration of bone in some 
areas. Somewhat similar, although less 
severe, changes were noted in some of the 
bones of the upper extremities. Many of the 
phalanges of the hands showed fairly typi- 
cal angiomatous changes without accom- 
panying soft tissue hemangioma in the im- 
mediate vicinity (Fig. 15 7). Although the 
patient is currently under treatment, the 
prognosis is poor due to the presence of 
chronic nephritis and hypertension. 

A similar case was reported by Bonse.' 
His patient was a seventeen year old girl 
who showed numerous soft tissue tumors in 
the region of the right supraclavicular fossa 
and over the right hemithorax, right arm 


and back. 
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Fic. 15. Hemangiomatosis. (4) Multiple, fusiform, soft tissue hemangiomas of the left hand with cyst-like 
expansion of the phalanges and pressure deformities on the phalanges and metacarpals. (B) Nodular soft 
tissue tumors of the feet with a disappearance of the phalanges of four toes. Note the attenuated and 
spindle-shaped metatarsals. There were similar, widespread changes noted throughout the body. 


SUMMARY 


1. The spine and skull are the most fre- 
quent sites for the occurrence of primary 
hemangioma in bone and the roentgen fea- 
tures are usually characteristic. The “cor- 
duroy cloth” appearance prevails in the 
spine and the fine “honeycomb” pattern in 
the skull. 

2. In the flat bones, the “sunburst”’ and 
“honeycomb” patterns are fairly regularly 
encountered, but the roentgen diagnosis is 
not always easy. 

3. In other skeletal sites, it is not unusual 
to see a “soap-bubble” appearance and this 
is often combined with a “honeycomb” 
pattern. 


4. In some instances, particularly in the 
ribs and clavicle, a hemangioma of bone 
may present findings closely resembling a 
malignant bone tumor such as an osteo- 
genic sarcoma. 

5. Soft tissue hemangioma as well as 
hemangiomatosis may involve the bone 
secondarily causing local deformities, en- 
largement, cortical thinning, and altered 
texture. 


Robert S. Sherman, M.D. 

Department of X-ray Diagnosis 

Memorial Sloan-Kettering Center 
for Cancer and Allied Diseases 

444 East 68th Street 

New York 21, New York 
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RESPONSE OF FILM-SCREEN COMBINATIONS TO 
VARIATION IN ROENTGEN-RAY KVP. 


By JACOB KASTNER, W. C. McLAUGHLIN, W. G. CIBULA, and J. A. MACKIN 
CLEVELAND, OHIO 


HERE has been increasing interest in 
the use of higher and higher kilovolt- 
ages for diagnostic roentgenography. 

Over a long period of time and in the 
course of other work, we have gathered 
data on the response of different film-screen 
combinations to variations In roentgen-ray 
kilovoltages. This information is presented, 
along with the general procedure which was 
employed, in the hope that the results may 
be of practical interest to the radiologist in 
his choice of film-screen combinations and 
kvp. It is, of course, to be understood that 
this work ignores completely such prob- 
lems as contrast and detail, which affect 
the reading of roentgenograms. 


GENERAL PROCEDURE 


In all cases a determination was made of 
the relative mas. required to produce a 
diffuse film density of unity. 

Data for kilovoltages below 140 kvp. 
were obtained using both self-rectified and 
constant potential roentgen-ray equipment 
and a water phantom. A 280 kvp. Van- 
guard roentgen-ray unit was employed with 
a water phantom to obtain data for kilovolt- 
ages above 100 kvp. An overlap was thus 
provided for verification of the validity of 
our procedure and results at the higher 
kilovoltages. 

Incident exposure dose measurements 
were made using standard self-reading 
pocket dosimeters, the energy and dose- 
rate response of which were well within the 
limits of these experimental conditions. 
The measurements were sufficiently well 
replicated to provide good confidence limits 
and excellent reproducibility was obtained 
over a period of years and a variety of con- 
ditions. 


RESULTS AND OBSERVATIONS 


The commercial film-screen combina- 
tions were examined for their response to 


the different peak kilovoltages. Repre- 
sentative results of the measurements for 
the most common combinations are shown 
in Figures 1 and 3. The relation of incident 
air dose rate to peak potential given in 
Figure 2 was used to develop the relation 
in Figure 3. Note the reverse trend beyond 
200 kvp. It should be remembered that the 
skin dose, which includes backscatter, is 
also a function of kvp. A curve of the skin 
dose will have its minimum shifted slightly 
towards a higher kvp. 

Table 1 presents the relative mas. re- 
quired to produce the same film density at 
180 kvp. for different commercial film. 
screen combinations. This kvp. was chosen 


103 


RELATIVE 


° 
Ss 


PEAK POTENPIAL, kilovolts 
180 220 


Fic. 1. Peak potential vs. relative mas. required to 
produce a diffuse density of 1.0 on standard film- 
screen combinations. ©—high potential roentgen- 
ray unit; A—low potential _roentgen-ray unit. 
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Film-Screen Combinations and KVP. 1161 


Tas_e I 250 
RELATIVE mas. AT 180 kvp. FOR SOME FILM- 
SCREEN COMBINATIONS 
Film Screen mas. 
Kodak Blue Brand du Pont Par Speed 6 
Kodak Blue Brand Ilford Standard 6 ae 
Kodak Blue Brand Radelin General Pur- 2 
pose 6 
Kodak Blue Brand Ilford High Definition 13. 
Kodak Blue Brand Radelin High Speed 2. P| 
Kodak Blue Brand Radelin High Resolu- dl 
tion 19 
Kodak Blue Brand Radelin Ultra Detail 22 — on 
Ansco High Speed du Pont Par Speed 5 
du Pont 508 du Pont Par Speed 7 75 de ae 
Ilford Red Seal du Pont Par Speed 6 
du Pont Par Speed 5 re 


Kodak Boyal Blue 


merely because 


this is probably as high a 
kilovoltage as anyone is likely to use. The 
relationship with kvp. for all combinations 


Fic. 3. Relative incident air dose vs. peak potential 
to produce a diffuse density of 1.0 on standard 
film-screen combinations. 


except the Ilford H. V. screen is parallel to 


ad that of the common combinations shown 
in Figure 1. Our observations indicate that 
7 there is usually a relatively greater dose re- 
duction obtained from the combination of 
py a “high speed”’ screen with a standard film 
than from the converse, i.e., a standard 
gol ” screen and a “high speed” film. This is in 
7 substantial agreement with data reported 
in 1948 by Van Allen. 
Jacob Kastner, Ph.D. 
Pal. Picker Research Center 
: 1020 London Road 
Cleveland 10, Ohio 
os We are indebted to Mr. Frank Dreisinger, 
Director of Medical X-Ray Education, for 
a pointing up the medical interest in this problem. 


PEAK POTENTIAL, kilovolts 


lic, 2. Relative air dose rate vs. peak potential. 


1. Van Atten, W. W. Characteristics of commercial 
X-ray intensifying screens and films—III. 
Health Rep., 1948, 63, 746-748. 
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AN IMPROVED PATIENT HANDLING DEVICE* 


By HUBERT S. SEAR, M.D., and FREDERICK J. DORAN 


BOSTON, MASSACHUSETTS 


OSPITAL patients often are not only 

unable to stand, but even unable to 
move from a litter to a roentgenographic 
table. There is a need, therefore, for a de- 
vice to assist technicians in moving these 
patients. Such a device should offer the 
following features: (1) for the patient it 
should be safe and should necessitate prac- 
tically no exertion; (2) for the nurses and 
technicians who use the device, it should 
require the exertion of so little physical 
strength that it is easy for even an unas- 
sisted woman to use; and (3) for the hos- 
pital which pays for the device, it should be 
inexpensive and capable of being made in 
the maintenance shop. A device meeting 
these specifications has been developed. It 
was found, incidentally, that it allowed 
special roentgenographic projections not 
otherwise easily obtainable. 

Figure 1 is a photograph of the device 
when not in use. A Hoyer lift,* which con- 
sists of a boom elevated by a hand operated 
hydraulic cylinder mounted on casters, 
was modified. The U-shaped base was 
widened in the hospital maintenance shop 
so that it would straddle the pedestal of the 
x-ray machines. A horizontal plate was 
then welded to the end of the boom. Chains 
with hooks at each end connected this plate 
with the U-shaped cradling device shown. 
The arms are about 19) inches wide and 
103 inches apart. 

Figure 2 shows two rods inserted in a 
canvas stretcher and engaged by the lift. A 
patient is seen suspended in the lift and 
positioned for a lateral chest roentgeno- 
gram using the table Bucky diaphragm. 
The suspension arrangement shown pre- 
vents the patient from swinging and re- 


* Manufactured by Ted Hoyer and Company, Oshkosh, Wis- 
consin. 


Fic. 1. The appearance of the device when not in use. 


duces the need to change his position in 
order to balance the stretcher in the hori- 
zontal position. 

The canvas stretcher is the key feature 
of this device. It is obvious that, once the 
patient is on the canvas, the lift can be 
easily engaged and the patient can be 
moved anywhere in the hospital without 
further effort. Since the canvas is radio- 
lucent, roentgenography and fluoroscopy 
can be done through it without interference. 
The long bars in the stretcher lie to the 
sides, well out of the roentgen-ray field. 
Initially, the canvas can be worked under 
a patient by rolling him from side to side 


* From the Department of Radiology, Lemuel Shattuck Hospital, Commonwealth of Massachusetts, Department of Public Health, 


Boston, Massachusetts. 
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in the same manner that the sheets are 
changed; or, alternatively, the orderly who 
is to move a litter patient may take a 
canvas stretcher with him and spread it 
over the litter before the patient is placed 
on it. 

When this device was used in the X-Ray 
Department, the necessity for the orderly 
to make a judgment about the ability of a 
patient to stand or move by himself was 
eliminated by having every patient who 
needed a litter in order to get to the De- 
partment brought on a canvas stretcher. 
The decision to use the lift was then made 
in the Department. 

A number of these canvas stretchers were 
available since they were easily made by 
the hospital sewing room. Soiling of 
stretchers due to accidents (as, for instance, 
those terminating barium enemas) was not 
a problem as they were easily laundered in 
the hospital. 

It should be noted (Fig. 3) that, when 
the patient is lifted, there is considerable 
sagging in the canvas stretcher. This has 
three functions: (1) it*prevents disoriented 
patients from rolling over the side; safety 
is further augmented, incidentally, by the 
position of the cradling device, which pre- 
vents the patient from sitting up; (2) when 


lic. 2. The device holding a patient for a lateral 
roentgenogram of the chest, using the table Bucky 
diaphragm. 


A Patient Handling Device 1163 


Fic, 3. Slack, built into the canvas stretcher, allows 
decubitus roentgenograms to be obtained without 
etfort and gives the patient a sense of security. 


placed on an x-ray table, the excess ma- 
terial ensures that the rods fall over the 
sides and well outside the field to be 
roentgenographed; and (3) lateral roent- 
genograms can be obtained by placing the 
patient, suspended in the lift, against a 
wall-mounted film holder or against the 
table which has been rotated into the ver- 
tical position (Fig. 2). Excellent visualiza- 
tion of pleural fluid can be obtained in this 
way without effort by the patient. 

Several other applications of this device 
have been worked out in our hospital. Bed 
patients can be weighed by inserting a 
spring scale between the boom and the 
center of the cradling device. Paraplegics, 
supported on a tighter stretcher, may be 
safely bathed in an ordinary bath tub. 

Also, there appear to be obvious ap- 
plications in other departments. The trans- 
fer of anesthetized patients from an operat- 
ing table after a delicate operation is some- 
times roughly performed. Similar handling 
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of patients delivered from the accident 
ward (with fractures, for example) does 
not help their treatment, yet up to now was 
unavoidable. This device can make patient 
handling in these circumstances safer for 
the patients and effortless for the per- 
sonnel. 

The device has been in service for over a 


year and, by performing the functions 
mentioned above, has gained considerable 
acceptance by patients, physicians, nurses 
and technicians. 


Hubert S. Sear, M.D. 

Lemuel Shattuck Hospital 

170 Morton Street 

Jamaica Plain 30, Massachusetts 


4 
> 
— 


5 
ave 
4 


Lawrence Reynolds 
1889-1961 


4 
| 


en EDIT’ @ ak & 


Lawrence Keynolds and The American Koentéen 
Ray Society 


Wirn the death of Lawrence Reynolds, the American Roentgen Ray Society 
in particular and medical journalism in general have suffered a loss which 
will be felt for many years to come. Although Dr. Reynolds was a vigorous 
member and eminent President of this Society, as well as of several others, 
he will be best remembered for his immeasurable contribution as Editor of 
the AMERICAN JOURNAL OF ROENTGENOLOGY, RADIUM THERAPY & NUCLEAR 
Mepicine, the official organ of the American Roentgen Ray Society and the 
American Radium Society. Dr. Reynolds was first associated with the 
JoURNAL as an Assistant Editor in 1928. In 1930 he became the editor and, 
until his death, he held that position continuously with the exception of the 
years 1947-1949 when he was President-Elect and President of the American 
Roentgen Ray Society. | doubt that anyone can really appreciate the amount 
of time and effort that Dr. Reynolds so selflessly gave to the Society in those 
thirty years, but the results are obvious to even the most casual reader of 
the Jou RNAL. Without exaggeration or fear of contradiction, one can truth- 
fully say that the envious position which the JouRNAL now occupies in the 
field of medical publications is, in a very large measure, due to the untiring, 
skillful and tactful editorial managing by Dr. Reynolds. 


It can be stated that Dr. Reynolds was a “natural” for the position of 
Editor, for not only did he have the necessary intellectual interests and abili- 
ties but he also possessed limitless patience and great tact combined with 
a remarkable administrative capacity and a wonderfully warm personality. 

Dr. Reynolds’ avocations, too, were centered around literary activities 
and during his lifetime he assembled a valuable collection of rare and first 
edition medical books. A number of libraries throughout the country made 
use of Dr. Reynolds’ wide knowledge and experience in activities of this sort 
and for years ‘he served on the library governing boards of such institutions 
as Yale University, University of Michigan, Wayne County Medical L1- 
brary Commission and the City of Detroit Library Commission. 

The American Roentgen Ray Society knows full well that it can never 
adequately express its appreciation for Dr. Reynolds’ years of distinguished 
and devoted service. Nevertheless, it does wish to record on this page in 
these few feeble words the position of great honor and affection he so rightly 
deserved and in which his memory will alw ays be held. 


Joun F. Roacu, M.D. 
Chairman of the Publication Committee 
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Kesolutions of the Detroit Roentgen Ray and 
Radium Society 


Wuereas the death of Doctor Lawrence Reynolds occurred on August 17, 
1961 and 


WueErEAS Doctor Reynolds was one of the earliest and most eminent mem- 
bers of this Society and 


Wuereas he brought renown to this Society by the excellence and multitude 
of his scientific productions and by his great ability as a teacher and as a 
practitioner of our profession and 


WHEREAS Ats great energy and humanity and his concern for and excellent 
care of the afflicted served as an example for our membership and 


WHEREAS he set a high standard for our practice and was at all times to us a 
teacher and friend, be it therefore 


REsoLveD that his death be recorded in the minutes of this Society with a 
feeling of high regard for his memory and a deep sense of loss to all mem- 
bers of the Society, and be it further 


RESOLVED that a copy of this memorial be submitted to the AMERICAN 
Journat or RoENTGENOLOGY, Rapium THERAPY & NUCLEAR MeEbpI- 
CINE and to Radiology. 
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Lawrence Keynolds and Harper Hospital 


WHEN Lawrence Reynolds was graduated from the Ozark, Alabama, high 
school in 1907, his teacher, Mary Newton, presented him with two volumes of 
Oliver Wendell Holmes’ “The Autocrat of the Breakfast Table.” Mary 
Newton’s inscription read: ““Lawrence: Acquire the genial humor, the ready 
wit, and the broad culture of the recondite old aristocrat.” 

That he succeeded in fulfilling Miss Newton’s fondest hopes for him, all 
of his associates at Harper Hospital can affirm. It has been my privile e to 
serve as President of the Board of Trustees during the entire time of Dr. 
Reynolds’ association with Harper Hospital and to observe his influence in 
our institution. 

This young doctor, dedicated to a young specialty, came to us shortly after 
the conclusion of World War I. He lived and worked as an influential member 
of our “Family” from that time until his death. He was devoted to his 
tients, his profession, and to the welfare of this institution, and his devotion 

was enriched by “genial humor,” “ready wit,” and “broad culture.” 

These qualities gave him insight into problems frequently onerous to the 
practicing physician, problems like the practical ones of institutional organ- 
ization which face a Board of Trustees. He knew, too, that the physician’s 
ethics and ideals frequently impose conditions which perplex even the most 
informed laymen, like members of a Board of Trustees. He knew that each 
body needed interpretation to the other so that they could work together to 
fill their common purpose. And he was uniquely fitted, largely through prac- 
tice of his old teacher's advice, to fill the function of interpreter. Dr. Reyn- 
olds, throughout his career at Harper Hospital, had an unusual comprehen- 
sion of the legitimate interests of both. As Chief of our Department of 
Radiology, as well as in his later position as Chief of the Medical Staff, he 
worked ceaselessly for that ideal balance which inevitably results in insti- 
tutional progress. 

IIIness was the only reason for his ever missing a meeting of the Board of 
Trustees during his tenure as Chief of the Medical Staff—and happily, there 
were very few such occasions. Ours was a long and pleasant association. He 
gave generously of his personal time and abilities to ensure that our mission 
could be effective in our community. 

It was not only in his professional life that Dr. Rey nolds was a man of 
“broad culture.”” His name could always be found in the list of sponsors of 
any worthwhile community endeavor. This was not a perfunctory listing, for 
where his name appeared, he was active, and his active participation served 
our hospital well. One always knew that Dr. Reynolds’ interpretations of 
need, and recommended actions on behalf of the Medical Staff he represented, 
were based upon the ultimate welfare of the patient, and that he had care- 
fully considered this in the light of his knowledge of our community, as well 
as in the light of the profession he served so well and faithfully. We are 
grateful that he was with us for most of his long and fruitful career, and we 
shall sorely miss him. 

RicHarp H. Wesser, Chairman, Board of Trustees, Harper Hospital 
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Lawrence Reynolds and Wayne State University 


Doctor of Laws 


June 14,1956 


LAWRENCE REYNOLDS, 


a native of Alabama ; raduate the Universi 
Alabama in 1912, and & the Meducal School of “the 
Johns Hopkins University in 1916; he has carried 
on the private practice of enolog wm Detroit 


— Medial School. 
Pre has as of De xtiment 
Radiology. and as Chie Chaurman 
of the Execttive per 
Dertrorr. 


Honored lis alma mater with the degree 
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German Blombia With honorar 
member has edited the 
Roenty enolag. Radium Therapy;and Nuclear Meducine 
since J 
 } hn the years he has br le together one of 
the worla’s a wate collections of 3 medical texts 


and Kreatises. Noted for his know’ ibrar 
wmisitions, he 1s cirrently an H ary Tr 
Yale Medical Librar Assdciatés, a Manber of 
Committee Managenunt ‘the Clanrent’s 
of the Urvivers an, Chairman 
Medical Library Wayne 
witty Medical Society, a Mexrber of re Grolic 
Club of New York of tre 
Society - As Preside: Ff Detrott 
Commission, he has Int to local problems 
buadth Ff view and deep Wisdom of his national 
experience. 
ne Universi oud to recognize the work of 
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devotion scholarly work as diter and 
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IN THE passing of Lawrence 
Reynolds, the cause of scholar- 
ship and intellectual excellence 
lost a firm friend. His entire 
medical career was one in 
which the teacher, investi- 
gator, bibliophile and practi- 
tioner of the skills of radiology 
were artfully blended. His 
service to medical education 
was a long and varied one. 
When he returned from over- 
seas service in World War I, he 
took a post as Instructor in 
Roentgenology at the Johns 
Hopkins University Medical 
School. This appointment so 
soon after graduation was in- 
deed a rare thing in academic 
medicine in the period before 
1930. The following year he 
went to Boston to Harvard 
and the Peter Bent Brigham. 
He remained in Boston as 
roentgenologist at the Brig- 
ham and Instructor in the 
Harvard Medical School. 

In 1922 Dr. Reynolds came 
to Detroit and entered the 
private practice of roentgenol- 
ogy. However, this activity 
gave him only partial satisfac- 
tion. The world of books and 
the world of learning which 
had captured his attention as 
a youngster would not be 
denied. Along with his busy 
professional life, he began to 
collect those volumes which 
are now the care of the Reyn- 
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olds Library in the Univ ersity of Alabama. His knowledge of medical history 
grew with the library. His fine discrimination and his desire to achieve per- 
fection made it possible for him to assemble a collection which contains the 
finest copies extant of many of its items. 

In 1945 Dr. Reynolds was appointed Professor of Radiology and Chairman 
of the Department of Radiology in W ayne State University. He served the 
University well for seven years. In this time he brought to life a department 
which had suffered through the agony of World War IT as well as chronic 
budget ary inanition. When this had been done, he urged the prompt ap- 
pointment of his successor and resigned as Chairman of the Department. He 
continued to serve the University as Clinical Professor of Radiology until 
his seventieth year when he became Professor Emeritus. He brought great 
distinction to the College of Medicine and faithfully attended to his duties 
as teacher, especially in the areas of graduate instruction and resident educa- 
tion. 

In recognition of his great attainments in the world of books, his service 
to the Public I Abrary of Detroit, the Yale Medical I brary, Clenneets Library 
of the University of Michigan and to Wayne State University, Dr. Lawrence 
Reynolds was granted the degree of Doctor of Laws in 1956. This was but 
one of many honors which came to him the last fifteen years of his life. He 
deserved them all. His colleagues will long remember him with respect and 
affection. 


Gorpon H. Scorr, Vice President for Medical College Dez velopment 
and De an, College of Medicine, Wayne State University 
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Lawrence Reynolds as a Teacher 


“T wit share my precepts, oral lessons, and any knowledge with my sons, 
with those of my master, and with pupils bound by a promise and an oath 
in accordance with medical law.”” A covenant injected 1 into the medical con- 
science of all of us by Hippocrates, unrequited in the activities of many, but 
accepted each day by Lawrence Reynolds, M.D. As a proponent of the swift 
accurate interpretation of the roentgen shadow, he certainly taught all by 
example. 

And yet, teaching was more to him than this. 

At some time during his long career he became imbued with the impor- 
tance of diffusing medical learning. Perhaps this developed as he read to his 
blind physician father in rural Alabama. A frequent text was Sir William 
Osler’s “Principles and Practice of Medicine.” The latter’s views on teachin 
were strikingly similar to his own. “Replace the Chinese with the Greek 
spirit, enable him (the student) to seek knowledge for itself... the pupil 
and the teacher working together on the same lines, only one a little ahead of 
the other.”” Dr. Reynolds approached education as though he felt that teach- 
ing was the perpetual Messiah of medicine; the constant connection between 
the established and the aspiring, the bond between accepted fact and better 
ideas. He cultivated the ability to instill an intellectual respect within the 
student without pre-empting questions or rebuttal. He knew how to sustain 
the interest of his residents, plant the seeds of original investigation, or at 
times to spoon feed when this was the most expedient kind of informative 
nutrition. His greatest talent was his ability to prevent his mere presence or 
renown to persuade or unduly influence his residents or students. He chose 
to counsel, but not to overawe. 

Training in radiology began at Harper Hospital in 1920. Somewhat later a 
formal residency program was inaugurated. For many years punctually at 

230 A.M., residents and, subsequently, students from the W ayne State 
College of ‘Madicine clustered about Dr. Reynolds in the reading room. These 
sessions usually lasted for two or three hours. He disdained the formal lecture, 
preferring the spontaneity of the day’s cases for his teac hing purposes. Pro- 
tocol was limited to the painless introduction of the neophyte into the discus- 
sion with “Would you continue to employ this man with a chest that looks 
like this?’ He was the faculty and all of radiology was his curriculum. His 
film descriptions were always punctuated with shrewd clinical insights or 
embellished by the recall of a conversation with Drs. Harvey Cushing, Henry 
Christian or some other titan. The mornings were further enriched by his lore 
of the history of radiology and colorful sketches of its pioneers. Retelling one 
of Sir William Osler’s stories about himself, he pointed out the importance of 
a circumspect differential diagnosis. Shortly after Dr. Osler came to Balti- 
more he was asked to see an elderly and important gentleman. EF. xamination 
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revealed a large pelvic tumor, and a diagnosis of inoperable sarcoma of the 
pelv1 is was promptly made. As gently as possible Dr. Osler explained the con- 
dition to the patient’s wife and advised that a surgeon see the case. The same 
day the surgeon came and removed the tumor with a catheter. Similar 
pointed, often humorous stories usually adjourned our meetings. 

He schooled his residents in good radiologic manners and practicality. His 
maxims were simple. Courtesy should be the trademark of the radiology de- 

artment. Service is the prime consideration extended to the attending 
phy sician. Examinations should be conducted quickly with initial accuracy. 
We were always cautioned to examine and talk to the patient so as to be able 
to extract the most from the roentgenograms. He once said that a radiologic 
report should read like the Egyptian Rosetta Stone: meaningful to all who 
might have occasion to peruse it. 

As a Charter Diplomate of the American Board of Radiology he was well 
acquainted with the scope and aims of its certifying examinations. He had a 
recurring. penchant for key noting the diagnostic entities and procedures likely 
to be emphasized from time to time. Grooming such as this — to lessen 
the incubus of intensive study and provided the tangible tools for shaping a 
profitable plan of preparation. 

A certain filial charm fitted him well for his role as Professor of Radiology at 
The Wayne State University College of Medicine. The young men, many of 
whom afhliated with the program largely because of Dr. Reynolds, right- 
fully came to expect his facile solutions to their most perplexing meliadl and 
personal problems. He was adviser, confidant and intercessor to many. In 
those interns, students and residents merely passing through the x-ray de- 
partment, he tried to create an appreciation ‘for the proper place of radiology 
in the spectrum of medical specialties and for the role of the radiologist in the 

care of the patient. 

The literature abounds with his medical papers and editorials, and these, 
too, serve to convey knowledge. They cannot supplant the daily o7s-d-vis 
contact we had with this superb radiologist. He was available. He was ap- 
proachable. His time was not of the essence. He never spoke from a profes- 
sorial whirlwind. He passed the baton of knowledge with the grace of an 
Oly mpian. 

Inj journeyman fashion our loc al newspapers concluded, “Doctor Reynolds 
leaves no immediate survivors.” More correctly, he left none who survives 
him only immediately. Some of us are his disciples; some his ambassadors, a 
very few may become his peers. We all have a legacy in his encouragement to 
try to learn something from everyone. Through his teachings we link him 
with tomorrow. In the words of myo 5 Adams, “‘A teacher affects eternity; he 
can never tell where his influence sto 
James J. Sntper, M.D., Former Medical Student, Wayne College of Medicine 

and Assistant Radiologist, Harper Hospital 
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The Lawrence Reynolds Library* 


On Sunpay afternoon, February the Second 1958, The Lawrence Reynolds 
Library was dedicated by impressive ceremonies at the University of Ala- 
bama Medical Center in Birmingham. This Library, which contains one of 
the world’s finest and most valuable private medical collections, was donated 
to his Alma Mater and his native state by Dr. Lawrence Reynolds, Editor of 
this JouRNAL, who spent a lifetime acquiring it. 

This rare collection is housed in a special wing which the University has 
built as an extension to its new Medical Center Library. It consists of nearly 
6,000 individual pieces of original manuscripts, autographed letters and old 
medical books, some of them dating back to the fifteenth and sixteenth cen- 
turies, representing samples of highest achievement in Renaissance printing. 

The section of original manuscripts includes, among others, the fourteenth 
century manuscripts of Arnoldus de Villa Nova entitled Regimen Sanitatis ad 
regem Aragonum and John of Toledo’s Dietarium; the original manuscript of 
the article on The Stereoscope and Stereograph, contributed to the Atlantic 
Monthly in June, 1859 by Oliver Wendell Holmes; and, of the more recent ones, 
the address on The Discovery of Radium by Mme Marie Curie (Sklode wska) 
delivered on May 14, 1921 at Vassar College, Poughkeepsie, New York, with 
an autographed photograph. 

The letter section contains all the correspondence of Louis Pasteur with 
the Mayor of the village on silk worm disease, consisting of 20 holographic 
letters of Pasteur (1866-1889), 8 letters in the hand of Mme Pasteur, and 2 
unpublished photographs; the letter of Louis Pasteur to Monsieur Marchand, 
dated August 12, 1881, on rabies; and other items from the pen of this giant of 
science who sevrthativinieed both industry and medicine by applying labo- 

ratory knowledge to fight disease. There are also signed letters with typed 
transcripts by Sir William Osler to his “good friend Ned Milburn” (1865 
191g), and two original letters from W ilhelm Conrad Rontgen and Krau Wil- 
helm Conrad Réntgen to Louis Grauel; and others. 

Of the large section of medical books of the sixteenth and seventeenth cen- 
turies, three groups deserve special mention. It is now generally agreed that 
the Sonabdaeione of modern medicine were laid down in this period by three 
epoch-making contributions. In 1543 the first complete text book on human 
anatomy was published by Andreas Vesalius entitled De Aumani corporis 
fabrica librorum epitome, Johannes Oporinus, Basel. This book, as well as 
Vesalius’ other contributions, was illustrated with magnificent drawings by 

van Calcar, a pupil of Titian. The Library contains not only Vesalius’ text- 
book in its first edition but also other works of the truly great anatcmist, 
several later editions of his works and a group of books on the works of his 
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teacher, Sylvius, who from a friend turned into a bitter foe, of Fallopius and 
Eustachius, his successors, and of other famed anatomists of the period, most 
of whom became “‘Vesalius converts.” This study of the “‘fabric’”’ of the hu- 
man body based on pure research was soon followed by an interest based on 
similar ground in the functions of the human body. Among those who pursued 
such a course was Andreas Caesalpinus, who, in his Peripateticarum Ques- 
tionum Libri Quingue published in Venice in 1571, began speaking of the 

“circulation” of the blood. His bold theory, hetiesens was not supported by 
experimental proof and thus he had no influence on his contemporaries. 
Later in 1628, at the book fair in Frankfurt, a slender, poorly printed volume 

was displayed by William Harvey on the Exercitatio anatomica de motu cordis 
et sanguinis animalibus, presenting for the first time experimental proof that 
the heart acts as a pump causing circulation of the blood throughout the 
body. The books of Caesalpinus and Harvey and 12 other texts and facsimiles 
of the book of Harv ey published i in different countries form the nucleus of the 
second group of works, containing the contributions of Fabricius Hieronymus 
of Aquapendente, Harv ey’s teacher, on De venarum ostiolis ; of Francis Bacon, 
one of Harvey’s most notable patients, on /nstauratio magna (Novum or- 
ganum); Harvey’s second great work Exercitationes de Generatione Animalium 
(1651) on embryology and many similarly rare items. The third group of col- 
lections of this period is highlighted by works of Ambroise Paré, the greatest 
surgeon of the sixteenth century. Paré based his practical surgery on the new 
concepts expounded in Vesalius’ De Fadrica and, after being able to conquer 
the prejudices of the time, introduced sound methods for the treatment of a 
rather significant number of lesions. His influence on contemporaries and 
successors for the next two centuries is amply reflected by the many con- 
tributions this group. 

In 1600, William Gilbert published his epochal work De magnete, magneti- 
cisqule cor poribus et de magno magnete tellur; physiologia noua, plurimis argu- 
mentis ex perime ntis demonstrata, establishing the basis for ‘the formidable 
sciences of magnetism and electricity, which were to develop. The early 
progress was rather slow until the middle of the eighteenth century when 
Benjamin Franklin in his extensive Experiments and Observ ations on Elec- 
tricity Made at Philadelphia defined “positive” and ‘ ‘negative’ electricity 
and considered, among many other things, the possibility of curing palsy by 
electric shock. In 1786 Luigi Galvani discovered “animal electricity.” This 
was followed in rapid succession by Alessandro Volta’s construction of the 
first electric pile, as communicated in a letter to the Rt. Hon. Sir Joseph 
Banks (1800); by Hans Christian Oersted’s Experimenta circa effectum con- 
flictus electrict in acum magneticum (1820), establishing a link between elec- 
tricity and magnetism; by André Marie Ampére’s Mémoire présenté a 
l’ Académie Royale des Sciences sur l'action mutuelle entre deux courants électri- 
gues (1820), describing the mutual effect of two electric currents; and by G. S. 
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Ohm’s work in 1827, formulating the relationship between voltage, amperage 
and resistance. Then in 1837, Faraday and Henry discovered electromagnetic 
induction. These 1 important works and many others in the chain of develop- 
ment of the two sciences form an eminent part of the Library and constitute a 
monumental introduction to the vast collection of more recent contributions 
in the field of radiology. 

Among the more recent contributions are also many rare works from other 
branches of medicine, as exemplified by some 40 writings from the pen of Sir 
William Osler, the great physician of modern times; an almost complete set of 
Harveian Orations, beginning 1 in 1865; an extensive compilation of Nobel 
Prize Papers; and others. 

These are but brief heuristic glimpses into a magnificent Library. It is 
written on the dedication plaque that graces its entry: “Each time one of you 
reaps from the great minds of the past the desire for finer achievement in 
your profession and nobler dev elopment of your own character, The Reynolds 
Library will have been rededicated.” In the ancient words of Terentianus 
Maurus spoken in 1286, Pro captu lectoris habent sua fata libellt. 


TRAIAN LEUCUTIA 
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Lawrence Reynolds and the Detroit Public Library 


Ix Decemser of 1960, Dr. Lawrence Reynolds, for the third time, completed 
a term as President of the Detroit Library Commission. It is indicative of his 
thinking that the final paragraph of his last presidential report included this 
quotation: 

“What may be emerging as a mark of our own generation 1s a widespread re- 
newal of concern for the quality 
and inte Mectual aims of educa- 


City of Detrvit 
This statement, quoted 
from Jerome S. Bruner, ap- ECUTIVE OFF 


pealed to Dr. Reynolds be- 


cause for the seventeen years CIATED 


during which he served as a 0 

member of the Detroit Library 

Commission he consistently 

supported every effort to make Dr. Lawrence Reynolds 


this Library one which was 
distinguished for excellence in 
its book collections and in its 


service. an expression of appreciation and gratitude for your 


In behalf of your fellow citizens of Detroit and of your 


City Government, this citation is pr d to you as 
Dr. Reynolds was first ap- many years of meritorious service as a member of the 
pointed to the Detroit Library LIBRARY COMMISSION 
Commission in 1944, to fill an 
unexpired term, and was re- 
appointed to six-year terms in rt 
1949 and 1955. Thus he was 
just completing seventeen 
years of continuous. service, 
more than any other current 
Library Commissioner, when 
his death occurred. The years 
spanned by his service “were 
unusually important ones for the Library: the departmentalization of the 
Main Library was completed with the establishment of five new departments; 
ten new branch libraries were erected: a 3 $500,000 service building was built 
to house the Library’s extensive building maintenance shops and its large 
book bindery; and finally, after years of striving to have the beautiful Main 
Library enlarged, construction of a ten-million-dollar addition was started. It 
is regrettable that he didn’t live to see the building occupied, which it is anti- 
cipated will be about a year from now. 

Though he recognized the need for adequate buildings for the Library, his 
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interests were largely centered on books and their use. He revered fine books, 
and frequently visited the Rare Book Room; he respected the printed page of 
any book whose author had integrity and competence, and he had an active 
interest in trying to make library service available to adults and children, to 
scholars and beginners, to specialists and to those whose reading 1 is broad in 
scope. It is interesting to note that while he was busily studying the library’s 
books on small country libraries, with a view to helping his home town, 
Ozark, Alabama, develop a sound beginning for a community public library, 
he was also involved in providing a firmer base of support for the medical 
library in Detroit. The culmination of the latter is best covered by quoting 
from his 1949 report as President of the Detroit Library Commission: 

“The support, administration, and function of the Medical Science Library 
having become more and more confused through the years, it was finally decide d 
by the Detroit Library Commission that the best interest of the people of the City of 
Detroit would be realiz ed by putting its 51,000 volumes under the management of 
the Medical School of Wayne University. . By the accomplishment of this 
transfer, the sole responsibility for the care and maintenance of this Medical 
Science Library rests with the Medical School of Wayne University.’ 

The instrument of transfer, however, at Dr. Reynolds’ insistence, con- 
tained assurance that the Medical profession of the Detroit area should al- 

ways have free and ready access to the Medical Science Library. 

Quite apart from whatever his accomplishments were in his ‘chosen profes- 
sion, he was a person who quietly and unselfishly assumed more than his full 
eee of obligations to society in general. 

In manner, Dr. Reynolds has been described as courtly. An innate gra- 
clousness, a sensitive consideration for the feelings of others, and a pleasant, 
quiet dignity characterized him at all times. These fine qualities were as evi- 
dent to the building guards and the elevator operator as they were to the ad- 
ministrators and the Commissioners of the Library. 

Within days after his death, a very beautiful tribute from a non-medical 
professional acquaintance in New York was received. ‘T'wo paragraphs of that 
letter are quoted here, as they pay tribute to him as an outstanding person 
who distinguished himself in service given beyond his own profession. 

“He was a man of culture, intelligence, energy and breadth of vision, and 
therefore highly qualified as a member of the Library Commission. 

“This physician typified to me what a fully deve loped human being should be, 
and it is comforting to realize that the human race from time to time can produce 
such an outstanding scholar and citizen.” 


A. Utve ine, Director, Detroit Public Library 
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The Heritage of Lawrence Reynolds 


A MAN’s heritage may in part determine his course through life. Many, im- seas 
bued with the finest of inheritance, fail to appreciate its value, to utilize it, en- 
hance it and to pass it on with enrichment to those who follow. Few men have 
succeeded so admirably in nurturing and embellishing an already rich herit- 
age as did Dr. Lawrence Reynolds. 
Born in lower Dale County, Ala- 
bama, Dr. Reynolds was reared among 
| gracious, hospitable people in the post 
reconstruction period of our nation’s 
history. That this portion of his herit- 
age may have been changed is related in 
an anecdote known to his family and 
pertains to the emigration from the 
State following the Civil War. Two such 
movements occurred,! the first. cul- 
minating in 1869 and the second in 
1873-1874 with most of the emigrants 
going to Texas, while others went to 
Brazil, Mexico, the North, Tennessee 
and Georgia. It was estimated at that 
time that the State lost more of its 
population by this emigration than by 
the effects of the war itself. Dr. Reynolds’ grandfather, it is said, may have 
been prompted to participate in this emigration but was induced to stay in 
his beloved Alabama to care for the local populace. ee 
The Reynolds family* is descendant from English and Welsh immigrants a 
| to this country in the early seventeenth century who settled on the Rapidan s . 
River, Isle of Wight County, Virginia in about the year 1637. An ancestor, be 


George Reynolds, was born in 1555 in County Kent, England and gave issue 

to some children who settled in Virginia while others came to the New Eng- 

land states. Two well known descendants of George Reynolds were Samuel 

Langhorne Clemens, known to all the world as Mark Twain, and Nancy . 

Witcher Langhorne who later became Lady Astor. Dr. Reynolds shared his ies 

family heritage with these distant cousins along with many distinguished pe 

military officers and other persons of eminence. 
The Reynolds coat of arms, the proud possession of a great family, had its ae 

beginnings in the days of antiquity. The family’s ancestry is traced to Fa 

Norman origins claiming descent from Reynolds, son of Greyferth—The > 


1 Civil War and Reconstruction in Alabama. Walter L. Fleming, Columbia University Press, New 
York, 1949. 
? Reynolds Family—1530-1959. The Goetz Company, Washington, D. C., 1959. 
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Dane—King of Northumberland. Greyferth and his two sons were driven 
from England about 944 A.D. and took shelter in Normandy. Fitzreynolds 
(meaning son of), one of the sons of Reynolds, returned to England with 
William the Conqueror.’ 

Dr. John Adams Reynolds, Lawrence’s paternal grandfather, was born in 
1819 in North Carolina and moved to Alabama at the age of seventeen, later 
practicing medicine there for a period of forty-seven years. His medical 
diploma from a school in Cincinnati 1s dated I ‘ebruary 23, 1845. He died in 
1891, two years after Lawrence’s birth and, therefore, the grandfather’s 
heritage of medicine was handed down through his son, Dr. Robert Davis 
Reynolds, born in Alabama in 1845, who had his preliminary medical educa- 

tion in Mobile in 1872, just seven years after the close of the Civil War. 

“Dr. Bob” served as a First Sergeant, Company I, 6th Alabama Cavalry, 
having enlisted in April, 1863 at the age of sixteen in T. A. Abercrombie’s 
Division. After his return from the war, Dr. Bob went to the medical school 
in Mobile and in 1872-1873 prac ticed aw his father at Skipperville in Dale 
County until the fall of 1880 when he returned to the Mobile Medical School 
and graduated with the degree of M.D. He then practiced in Skipperville for 
nineteen years, subsequently moving to Ozark, Alabama. Dr. Robert Davis 
Reynolds was blind throughout a large part of his professional life. Thus 


. 


apd wilh She Racter of Medicine 


young Larry became his father’s eyes as he went about his rounds. F. Xposure 
to the practice of medicine 1 in this somber and impressive way reminds us of 
Sir William Osler’s ‘“The Student Life,” in which he states “Amid an extreme 
heritage of sorrow and suffering our work is laid.”” U ndoubtedly this is the 
medical heritage which induced Lawrence to become a physician, one who 
never lost the warmth that is so necessary in the proper care of the sick. 
Lawrence Reynolds went to the Johns Hopkins Medical School in 1912, sub- 
sequently entered World War I, returned to Johns Hopkins, and ‘ne be- 
came associated with Peter Bent Brigham Hospital and Harvard University 
in Boston. In 1922 he came to Harper Hospital in Detroit. 
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Harper Hospital had its birth during the War between the States and it was 
through Dr. Reynolds’ interest in this conflict that a copy of an original order 
from the Surgeon-General a the United States Army, dated July 26, 1865, to 
convey a detachment of 137 soldier-patients to the “Harper” U.S.A. General 
Hospital was procured bei presented to the historical collection of the 
Harper Library. 

Originally Harper Hospital was 
a series of eleven frame buildings crrtomor 
facing Woodward Avenue. At the Medical Bitector sf 
end of the war, a local Board of pty 
Trustees assumed control of the 
hospital with the provision that A th 
Civil War soldiers would continue poe 
to be cared for. 

Later, in 1863, Harper Hospital —— 
became the site of the Detroit 
Medical College, the first medical 
school in the City, utilizing two of 
the eleven buildings. In January, 
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1884 the Children’s Free Hospital 
Association was formed and Harper wate the 


Hospital served as the first chil- the 
dren’s hospital until December, 
1886 when the facilities at Harper 
were outgrown and a new location . 

was obtained on West Fort Street. 

An early lying-in facility, later re- 
sulting in the formation of Wom- a 
an’s was also initiated 
at Harper Hospital. Still other 

institutions, such as St. Luke’s 

Hospital and Church Home in 1867, had their beginning at Harper Hospital. 

Thus Dr. Reynolds became cmeianed with a hospital which later was to 
achieve eminence among American hospitals but had its roots in the Civil 
War. The writer was privileged to be along with Dr. Reynolds, a charter 
member of the Harper Hospital Civil War Study Club, organized on Febru- 
ary 1gsd. 

Dr. Reynolds’ ability to enrich his heritage 1s further manifested by his 
atfectionate relationship with the scholarly Dr. Hickey, whom he first met in 
the European Theater of World War I and who was the Founder and First 
Editor of this Journat which Dr. Reynolds then subsequently edited for a 
period of over three decades. 

From this great inheritance of family, the South, the medical institutions 
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with which he was early connected, and his associates, Dr. Reynolds brought 
to his professional life charm, warmth and enthusiasm which have been an 
inspiration to many. Sir William Osler has said, “No bubble is so iridescent 
or floats longer than that blown by the waecenabee teacher.”” Dr. Reynolds has 
blown many such bubbles in his illustrious career. To those of us privileged 
to have been associated with him the words from Psalms 16, Verse 6 are par- 
ticularly pertinent, “The lines are fallen unto me in pleasant places; yea, | 
have a goodly heritage.” 
KENNETH L, KRABBENHOFT 
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Lawrence Keynolds—An Homage 


THe AmerICcAN JOURNAL OF ROENTGENOLOGY, RADIUM THERAPY AND 
NucLear MepiciNnE in its October, 1961 issue regretfully announced the 
death of its distinguished Editor, Dr. Lawrence Reynolds, which occurred on 
the evening of August 17, 1961 in Detroit, Michigan. The end came suddenly, 
with quiet grace and dignity, as he would have wished it to be—befitting his 
rentle nature and noble character. 

Lawrence Reynolds was born February 11, 1889 in Skipperville, a charm- 
ing community near Ozark, Alabama. He was the eighth of nine children of 
Dr. Robert Davis Reynolds, Sr., a practicing age ome of that community, 
and of Mary Frances Card. Two of his brothers, John Leonard Reynolds and 
Robert Davis Reynolds, Jr., as well as his grandfather, John Adams 
Reynolds, were also physicians. This excellent family background afforded 
him a wisely directed early education which undoubtedly carried the seeds of 
a brilliant medical future. After ¢ graduation from the Ozark High School in 
1907, he attended the University of Alabama and in 1912 received the degree 
of Bachelor of Arts. 

During these formative years of Lawrence Reynolds, the elder Reynolds 
gradually lost his eyesight and from the age of twelve the inseparable son be- 
came the “eyes ” of his beloved parent, drivi ing his horse and buggy on house 
calls, writing out his prescriptions and acting generally as his most trusted 
adviser. The cultured father was a great admirer of classical literature and 
was keenly interested in Sir William Osler and other contemporary medical 
giants, so young Lawrence did the thing that would give his father the most 
pleasure ‘he read to him night after night the texts that he was so fond of 
hearing. This beautiful expression of filial attachment imperceptibly ripened 
into an Inquisitiv e appreciation and love of his progenitors’ noble profession 
and the fall of 1912 found Lawrence Reynolds at the Johns Hopkins Medical 
School, eager to absorb knowledge from such famous men as William H. 
Welch, William S. Halsted, Joseph C. Bloodgood, Hugh Hampton Young, 
Howard A. Kelly and others. 

In June, 1916, upon receiving his M.D. degree, he timidly approached Dr. 
Frederick H. Baetjer, Professor of Radiology of that renowned institution, 
and within a short time became his first resident, thereby starting on an 
unexplored trail which was to blaze for him so brightly later. 

In May, 1917, restless, now radiologically indoctrinated, young Lawrence 
was ready to move again, this time overseas with the American Ambulance 
Service, to care for the suffering soldiers in the European Theater of War. In 
view of the fact that the Departmené of Radiology was under the administra- 
tion of the Department of Surgery, it was necessary for him to obtain “‘clear- 
ance” from the Chief, Doctor Halsted. This was granted rather reluctantly, 
with the provision that within six months he would return to his old post. 
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In the meantime, World War I had reached the climax in its fury. Captain 
Lawrence Reynolds remained with the A. E. F. for two years. During this 
period it was his good fortune to be the recipient at the American Ambulance 
Hospital No. 1, later called the American Military Hospital No. 1, of the first 
Coolidge tube overseas which later was to revolutionize therapeutic radi- 
ology. This tube was presented for inspection by him to General Pershing on 
his visit to the hospital. 

Another of his good fortunes, and undeniably the most fateful event in his 
life, was to meet, while in the European Theater of War, among the many 
Allied radiologic celebrities, our own Major Preston M. Hickey, who went to 
France with the American Expeditionary Forces early in IgI7 as roentgen- 
ologist with the Harper Hospital Unit —one of the first to be sent overseas, 
Major Hickey was early detached from that duty and assigned to the larger 
duty of Consultant in Roentgenology, visiting the base areas throughout 
France as an adviser to those charged with administration of the x-ray work 
in the entire A. FE. F. In this capacity, Major Hickey often visited the Amer- 
ican Military Hospital No. 1 and always found Captain Reynolds hard at 
work, performing his cee duties with faithful thoroughness, yet with a 
genial manner and complete equanimity. These comradely meetings under 
difficult circumstances later led to an enduring friendship and an extremely 

valuable collaboration between the distinguished Founder and the tride- 
cennial Editor of this JourRNAL. 

In May, 1919, Lawrence Reynolds returned to the Johns Hopkins Medical 
School, as promised, although at a later date than anticipated. He was made 
Instructor in Radiology with an assurance of rapid advancement on the 
ladder of academic promotions. As early as October, 1919, however, his quest 
for knowledge drove him to still newer grounds. Like the Medieval E uropean 
student, who magnetized by the professors of a given institution, roved from 
one University to another, Dr. Reynolds was now found at the Peter Bent 
Brigham Hospital in Boston, where the celebrated Henry Christian and 
Harvey Cushing were the main attractions. From October, 1919 to May, 1922 
he was Roentgenologist at that Institution and from July, 1920 to May, 1922 
he was teaching as Instructor in Roentgenology at the Harvard Medical 
School. Yet, during these very important and fruitful years of his life, he 
could not forget Major Hickey, his great friend of the American Expedt- 
tionary Forces, and Preston M. Hickey could not forget the brilliant young 
radiologist whom he met overseas. 

When, in 1922 Doctor Hickey was appointed Professor of Radiology at the 
University of Michigan i in Ann Arbor, and abandoned the private practice 
of radiology, he used all his influence to persuade this brillant young r radiolo- 
gist to join the organization that he founded in Detroit in 1900. It was an 
auspiciousl y fortunate day for this organization, W os already had the 
benefit of the administrative genius of Dr. William A . Evans, that Dr. 


1182 


Uns 


Reynolds accepted the offer and in May, 1922 became the third member of the 
peseriarotinpy’ with the name of Drs. Hickey, Evans and Reynolds. 

From 1922 until his death Dr. Reynolds practiced and was a most ardent 
disciple of private radiology, advantageously supported and enhanced by 
scientific investigations and academic teaching. His innate qualities of friend- 
liness, graciousness, and sympathetic concern for the welfare of his patients 
were transcended only by his gentleness, charitableness and unbounded 
generosity. 

After the retirement of Dr. Hickey from the partnership, the organization 

was known under the name of Drs. Evans and Reynolds, and, since the death 
of Dr. Evans in 1940, it has carried the name of Dr. Lawrence Reynolds and 
Associates. 

Dr. Reynolds was appointed to the staff of Harper Hospital in 1922 and 
successively became Chief, Department of Radiology, Harper Hospital 
(1940); Professor of Radiology, Wayne University, College of Medicine 
(1945-1952); Clinical Professor of Radiology, Wayne State University, 
College of Medicine (1953-1959); Emeritus Professor of Radiology, Wayne 
State University, College of Medicine (1960-1961); and Visiting Professor of 
Radiology, University of Alabama Medical College (1960-1961). In addition, 
for many years he had been a Consultant in Radiology on the staffs of wirened 
other hospitals i in Detroit. 

In 1945 and from 1948 to 1959 he was Chief of The Medical Staff, Harper 
Hospital and Chairman, Executive Committee, Harper Hospital. 

Dr. Reynolds was a member or fellow of numerous medical societies. He 
was Past President of the Detroit Roentgen Ray and Radium Society, De- 
troit Medical Club, Detroit Academy of Medicine, American Roentgen Ray 
Society and American College of Radiology. 

Dr. ‘Reynok ls had received the honorary degrees of Doctor of Laws from 
the University of Alabama (1949) and the W ayne State University (1956); 
and the Honorary Citation of the Michigan State Medical Society (1959). He 
was an Honorary Member of the Radiologic Societies of Germany, Italy and 
Colombia. He was a Pancoast Lecturer (1941), Caldwell Lecturer (1944), 
Gold Medalist of the Radiological Society of North America (1956) and 
Gold Medalist of the American College of Radiology ( 1960). 

The great American heritage and the uniquely cultural background of Dr. 
Reynolds laid the foundation, unconscious to himself in his consecration to 
ideals, for an inspired bibliophile, authoritative librarian and eminent scholar. 

His bibliophilistic inclinations were already manifested during his assign- 
ment to the European Theater of War, when in his spare moments—as few as 
they were-—he would prowl in sheltered book-shops along the Seine or visit 
fascinating galleries 1 in more secure abodes to find some “antique books” of 
medical interest. These heuristic pursuits, which were assiduously followed 
throughout his lifetime resulted in one of the world’s finest private collections 
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of medical texts, old original manuscripts and rare holographs. It was un- 
doubtedly the greatest moment of his life when on February 2, 1958, in Bir- 
mingham, Alabama, at the dedication of The Lawrence — | Abrary, 
which appropriately was named in his honor, he could say: A diploma. from 
the Univ ersity of Alabama graced my wall for many years and everytime | 
looked at it, I felt ¢ greatly indebted; so | am returning it to you with this hand- 
ful of books.” This ‘handful of books’”’ was a half-million dollar collection of 
early editions of works of some of the greatest medical and scientific pioneers 
of the fifteenth through the nineteenth centuries. At these impressive dedi- 
catory ceremonies, Mr. Hill Ferguson, Chairman of the Board of ‘Trustees, 
University of Al: abama, presented Dr. Reynolds with a bookplate bearing the 
family coat of arms, which 1s to appear on ‘all the books of this library. 

Dr. Reynolds’ oe ae reverence for books made him particularly qualified 
to serve on library commissions with authoritative knowledge. He was an 
enthusiastic member, trustee or adviser of several of the famous medical 
libraries in various ali of the country and he was extremely proud of the 
fact that he was the ** Library Commissioner with the longest tenure of service 
to the City of Detroit.” On January 22, 1957, he was awarded by the late 
Mayor Albert E. Cobo the Citation for Meritorious Service. 

In his devotion to scholarly work as writer, reviewer and editor, Dr, 
Reynolds exerted unbelievable steadfastness, always inspired by advancing 
progress through unceasing search for truth. He contributed to the medical 
literature numerous articles on important original investigations, countless 
reviews with unusually keen analytic appraisal and for over three decades he 

was the illustrious Editor and leading spirit of the AMERICAN JOURNAL OF 
RoENTGENOLOGY, RADIUM THERAPY AND NucLear Mepicine. In 1956, on the 
occasion of the k aiceth Anniversary of this Journat he, with characteristic 
self-effacement, admirably described w hy it had become one of the leading 
radiologic periodicals of the world. “The founder and first Editor of the 
Journal, Doctor Hickey,” wrote Dr. Reynolds, “blazed the trail of a high 
standard of scientific endeavor from which the Journal has not deviated. The 
Societies, the Editorial Staff, the Publisher, Mr. Charles C Thomas, and the 
Printer, the Banta Publishing Company, have combined their efforts in pro- 
ducing a scientific Journal of distinctive quality. The American Roentgen 
Ray Society and the American Radium Society can take justifiable pride in 
the splendid position which their official Journal occupies today.’ 

Dr. Reynolds, possessed by an extremely friendly nature, approached 1 his 
task graciously and accomplished it with ingenuity, vision and charm. As a 
famous bibliophile, authoritative librarian, eminent scholar, and foremost of 
all as a great radiologist, he always senna an inspiringly genial man His 
amazing achievements—to quote from the honorary L.L.D. citation of 
Wayne State University —“‘have helped to shape the w hole course of modern 
radiological medicine.” TRAIAN LEUCUTIA 
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AMERICAN ROENTGEN RAY SOCIETY 
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SUBJECT INDEX 


(ab) =abstract 


ACROMEGALY, pituitary irradiation for (ab), 401 
roentgenologic features of, 321 
Acrinomycin D and roentgen-ray therapy in treat- 
ment of metastatic Wilms’ tumor, 673 
ADRENAL GLANDS in newborn, bilateral hemorrhagic 
pseudocysts of, 540 
ADRENALIN TEST, intrasplenic, in cirrhosis of liver, 
percutaneous splenoportography and (ab), 
797 
ADULT MALE, urethrography in, 136 
“AIR LUMENOGRAM,” visceral, 2g 
AmericaAN Rapbium Sociery, forty-third annual 
meeting of (EF), 369 
AmerICAN ROENTGEN Ray Soctery, sixty-second 
annual meeting of (E), 187 
sixty-second annual meeting of (FE), 991 
instruction courses of sixty-second annual meet- 
ing of (E.), 367 
sixty-second annual meeting of 
program, 194 
ANATOMICO-ROENTGENOGRAPHIC 


preliminary 


STUDIES of  pos- 
terior spinal articulations, 270 
Anemia, iron deficiency, simulating congenital 
hemolytic anemia, skull changes in, 447 
AneurysM, bilateral renal artery: cause of hyper- 
tension (ab), 216 
Aneurysms, intracranial, and vascular malforma- 
tions, radiologic diagnosis of (ab), 7g0 
of splenic, hepatic and renal arteries, intraven- 
ous abdominal aortography in diagnosis 
and differential diagnosis of, 1108 
ANGIOCARDIOGRAPHIC, clinical, and autopsy studies 
on $0 patients; congenital dextrocardia 
(ab), 210, 211 
study before and after surgical operation, left 
carotid-jugular arteriovenous fistula; (ab), 
ANGIOCARDIOGRAPHY, syringe heater for (ab), 798 
ANGIOGRAPHIC contrast media, cerebral, by their 
circulatory effects, comparison of; expert- 
mental study, 166 
demonstration of cerebral occlusive disease 
(ab), 789 
diagnosis of intracranial tumor pathology, some 
pitfalls in (ab), 1o10 
hypervascularity and survival in glioblastoma 
multiforme, 640 
by brachiovertebral and temporal 
arterial catheter (ab), 1011 
cerebral, in diagnosis of suprasellar tumors, 154 
intercalative; cardiovascular spot-filming (ab), 
1021 
retrograde brachial vertebral-basilar; analysis of 
angiographic visualization of vertebral- 
basilar system and branches (ab), 1o1! 
valves of common carotid artery during, 1050 


TO VOLUME 86 
(E.) = editorial 


vertebral; analysis of 106 cases (ab), 620 
ANGIOPNEUMOGRAPHY, attempt to measure pul 
monary circulation by (ab), 209 
ANOMALOUS POSITION of foregut, 582 
ANTHRACOSILICOSIS; selected aspects related to 
evaluation of disability, cavitation, and 
unusual x-ray (ab), 209 
ANTI-COAGULANT THERAPY, roentgen appearance of 
spontaneous intramural hemorrhage of 
small intestine associated with, 62 
Aortic oceLusion (Leriche’s syndrome) in mitral 
stenosis; report of six cases (ab), 210 
knob, calcification of: its relationship to fifth 
and sixth embryonic aortic arches; radio- 
logical and anatomical study (ab), 611 
AoRTOGRAPHY, intravenous abdominal, in diagnosis 
and differential diagnosis of aneurysms of 
splenic, hepatic and renal arteries, 1108 
ARTERIAL reconstructive operation, treatment of 
stroke by (ab), 789 
thrombosis, cerebral, in children; review of 
literature and addition of two cases in 
apparently healthy children (ab), 609 
ARTERIOGRAPHIC studies of coronary circulation in 
dogs with experimental infarct which was 
preceded by radiation therapy, irradiation 
of heart as possible preventative of infarc- 
tion; (ab), 405 
ARTERIOGRAPHY, Coronary, in selection of patients 
for surgery (ab), 211 
mesenteric, 103 
vertebral, by retrograde injection of right com- 
mon carotid artery (ab), 1o10 
ARTERIOSCLEROTIC narrowing of renal arteries asso- 
ciated with hypertension, 807 
Arrery, left vertebral, clinical and radiologic study 
of case of anomalous origin (from external 
carotid artery) of (ab), 208 
Arrurirtis, rheumatoid, and ankylosing spondylitis, 
occipito-atlanto-axial joints in, 223 
rheumatoid, osteolysis of acromial end of 
clavicles in, 251 
ArrHROoGRAPHY of knee; critical study of errors and 
their sources, 359 
double-contrast, with horizontal roentgen ray 
beams (ab), 620 
Ascires, massive neonatal (ab), 797 
AspLENIA, roentgenographic features of, teratologic 
syndrome of visceral symmetry, §23 
Asymmetry of kidneys in disease of main renal 
artery (ab), 1016 
ATLANTO-AXIAL joint with dislocation, congenital 
malformation of (ab), 208 
Arresia, esophageal, and tracheoesophageal fistula, 
motor activity of esophagus in association 
with, 884 


1187 


AB- | 
IAL 
DJS. | 
OI, | = 
56. | 
NE; 
ER- 
son | 
slo, | = 
AB- 3 
ING 
ES, | | 
NA- 
IN | 
kki 
ind : 
DI- 
ro- | | 
| pe 
ege 
ty, 
| 
30, 
ab- 
| 
PH- 
ro, 
\ 
nd- 
da, 
| 
‘ER 
OM 
ors 
th. 
sa, 
de 
gie = 
| 
| 
| 
| 


1188 Subject Index 


Back, low, disorders; values of radiographs of dorsal 
vertebrae in evaluating etiology of lumbo- 
sacral derangements (ab), 400 
BILATERAL renal cortical necrosis, roentgen manifes- 
tations of, 129 
BiLe duct revision, operative, indication and tech- 
nique for (ab), 214 
into duodenum, modifications in motor ac- 
tivity of small intestine due to disturbance 
of flow of (ab), 212 
ducts and problem of postoperative cholangitis, 
contribution to roentgenologic demonstra- 
tion of rare anomaly of (ab), 213 
BILIGRAFIN reactions, prophylaxis of (ab), 615 
BLaDD_ER simulating tumor, bullous edema of, 863 
BLEEDING esophageal varices in presence of normal 
splenoportogram; case report, 1103 
intestinal, experimental method for localizing 
source of (ab), 612 
BLoop pRESSURE and pulse, influence of radium 
emanation upon (ab), 612 
BLoop-suppLy, extramural and intramural, of colon 
(ab), 614 
Bocart, FRANKLIN B., 1894-1961 (E), 1g0 
Bone changes in necrosis in diabetes mellitus; dif- 
ferentiation of neuropathic from ischemic 
necrosis (ab), 619 
changes in tuberous sclerosis with case report, 
radiologic features of (ab), 1020 
cysts, bilateral benign, of os calcis, 318 
giant-cell tumors of (osteoclastoma); patho- 
logical and histochemical study (ab), 399 
myxoma of, in childhood (ab), 398 
primary liposarcoma of: report of case and re- 
view of literature (ab), 398 
roentgen diagnosis of hemangioma of, 1146 
temporal, laminagraphy of, 281 
tumors, unusual, after roentgen therapy of 
children; two case reports, 502 
Book Reviews 
Nuclear Explosions and Their Etects. Fore- 
word by Jawahrlal Nehru, 199 
Nuclear Reactors for Power Generation. Edited 
by E. Openshaw Taylor, 199 
Le Radiocalcium dans |’Etude des Os. By R. 
Ponlot, 199 
The Atom and the Energy Revolution. By 
Norman Lansdell, 395 
Strahlenbiologie, Strahlentherapie, Nuklear- 
medizin und Krebsforschung; Ergebnisse 
1952-1958. Edited by H. R. Schinz; H. 
Holthusen; H. Langendorff; B. Rajewsky; 
and G. Schubert, 604 
BowEL examination, small, notes on, 76 
small, use of parenteral neostigmine in roentgen 
study of (ab), 613 
BRACHIOVERTEBRAL AND TEMPORAL ARTERIAL 
CATHETER, angiography by (ab), 1oit 
BREAST carcinoma, metastatic, simulating ulcera- 
tive colitis: report of case, 702 
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carcinoma of, radiation damage to ribs and 
clavicles in patients with (ab), 799 
improved method in diagnostic roentgenog- 
raphy of, 178 
roentgenology; historical review, 879 
BRONCHIAL ARTERIES in living; (new method of ex- 
perimental demonstration), opacification 
of (ab), 1084 
BRONCHIOLAR ECTASIA and bronchial gland dilata- 
tion (ab), 1013 
BRONCHOGRAPHY, passive, device to facilitate in- 
troduction of catheter into trachea for, 184 
percutaneous cricothyroid membrane (ab), 
BRONCHO-PULMONARY CONGENITAL — ANOMALIES, 
pulmonary ventilation studies in; study of 
§ cases (ab), 1013 
But.ous of bladder simulating tumor, 863 


Caxcinosis, tumoral; report of three cases and re- 
view of literature, 351 
Catyces and renal pelvis, non-pathological filling 
defects of (ab), 215 
Cancer, cervical, long-term follow-up observations 
in (ab), 400 
of cervix, postmortem findings in; analysis of 
108 autopsies in past § years (ab), 401 
of thyroid and previous irradiation (ab), 1024 
radiation therapy of: current results with mega- 
voltage and orthovoltage, 621 
Carcinoip of rectum; case report with observations 
on radiosensitivity of nodular metastases 
to skin, 97 
Carcinoma in chronic ulcerative colitis, roentgeno- 
logic features of, g1 
kidney, as result of thorotrast injury (ab), 222 
of breast, radiation damage to ribs and clavicles 
in patients with (ab), 799 
of cervix, “sensitization response”’ in prognosis 
of radiation therapy for (ab), 798 
of colon, calcified liver metastasis from (ab), 
614 
of ureter, new roentgenologic signs of, 707 
of uterine cervix, dosage limitation in combined 
treatment by irradiation and surgery of 
(E), 775 
mammary, experiences with radiogold seeding 
of hypophysis in metastasizing neoplasms 
with special consideration of (ab), 801 
metastatic breast, simulating ulcerative colitis: 
report of case, 702 
pancreatic, and its early roentgenologic recog- 
nition, I 
thyroid, gammagram and cytogram in study of 
(ab), 403 
Caropiac failure in infancy (ab), 792 
irradiation upon normal canine heart, effects 
of, 740 
CARDIOVASCULAR contrast media, evaluation of (ab), 
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spot-filming, intercalative angiography; (ab), 
1021 
Carorip artery, common, during angiography, 
valves of, 1050 
-basilar anastomosis, persistent anomalous, 
radiographic demonstration of ‘“‘hypo- 
glossal artery”; rare type of (ab), 1012 
-basilar artery; report and discussion of five 
cases (ab), 1011 
-jugular arteriovenous fistula, left; angiocardio- 
graphic study before and after surgical 
operation (ab), 1010 
CAVAGRAPHY, vena, in management of malignancy, 
718 
CEREBRAL angiographic contrast media by their 
circulatory effects, comparison of; experi- 
mental study, 166 
angiography in diagnosis of suprasellar tumors, 
154 
arterial thrombosis in children; review of litera- 
ture and addition of two cases in apparently 
healthy children (ab), 609 
occlusive disease, angiographic demonstration 
of (ab), 
CervicaL cancer, long-term follow-up observations 
in (ab) » 400 
discography, 975 
CERVIX, cancer of, postmortem findings 1 In; analy SIS 
of 108 autopsies in past § years (ab), 401 
“sensitization response” in prognosis of radia- 
tion therapy for carcinoma of (ab), 798 
uterine, dosage limitation in combined treat- 
ment by irradiation and surgery of car- 
cinoma of (E), 775 
CHARCOT’s JOINTS, early changes in, 965 
Cuest, laryngeal pathology on conventional roent- 
genogram of: diagnostic and_ prognostic 
significance, 661 
CHILDHOOD, myxoma of bone in (ab), 398 
CHOLANGIOGRAPHY and oral cholecystography with 
new contrast medium (ab), 213 
CHOLANGITIS, postoperative, contribution to roent- 
genologic demonstration of rare anomaly of 
bile ducts and problem of (ab), 213 
oral, and cholangiography 
with new contrast medium (ab), 213 
CHOLEDOCHAL cyst; report of case with contrast 
visualization, 934 
CHOLESTASIS, minor, and its variants (compensated 
or decompensated minor cholestasis with 
or without satellite hepatitis, minor 
cirrhogenous cholestasis, anicteric chole- 
static cirrhosis) (ab), 2 
CHONDROSARCOMATA, radioactive sulphur in; dis- 
tribution, concentration, and ettects of S® 
after intravenous administration to pa- 
tients with chondrosarcoma (ab), 22 
CHRoMosoMAL aberration after diagnostic x-irra- 
diation (ab), 1026 
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CINEFLUOROGRAPHIC SYSTEMS and screen intensifica- 
tion, performance of, 1027 
CINEFLUOROGRAPHY of coronary artery calcifica- 
tion; correlation with clinical arterioscle- 
rotic heart disease and autopsy findings, 
1063 
CINERADIOGRAPHY, evaluation of film size in (ab), 
1021 
CINEROENTGENOGRAPHIC CHANGES DEMONSTRATED 
in fetal circulation at birth; serendipic com- 
mentary, 407 
CircLe or WILLIs, normal roentgenographic anat- 
omy of human, 1040 
CLINITEST TABLETS, esophageal stricture following 
ingestion of, $79 
Cosatr 60 beam therapy unit, simplified 
techniques in employment of, 7 
Co itis, ulcerative, roentgenologic in, 906 
CouLacen DISEASES: demonstration of nonspeci- 
ficity of their extrapulmonary manifesta- 
tions, 938 
Coton and small intestine, xanthomatosis involv- 
ing (ab), 795 
calcified liver metastasis from carcinoma of (ab), 
614 
extramural and intramural blood-supply of 
(ab), 614 
in infancy and childhood, some lesions of (ab), 
795 
mucormycosis of, 86 
Concenitat bifid sternum with partial ectopia 
cordis, §13 
malformation of atlanto-axial joint with dis- 
location (ab), 208 
partial defect of pericardium associated with 
herniation of left atrial appendage, 517 
pulmonary lymphangiectasis; report of case 
with roentgen findings, 576 
Conracr LENS, rontgen reference, fixed by low vac- 
uum (ab), 610 
Contrast media, changes in human red blood cells, 
during in vitro exposure to several roent- 
genologic, 1127 
medium, water-soluble, examination of patients 
with suspected perforated ulcer using, 37 
CoroNnAL SUTURE, premature unilateral synostosis of, 
433 
CoRONARY ARTERIOGRAPHY in selection of patients 
for surgery (ab), 211 
Corpus CALLOsuM, lipoma of, 142 
Coumarin, duodenal hematoma induced by, 70 
CRANIAL LACUNAE secondary to trauma suffered in 
early childhood (ab), 609 
CRANIOFACIAL DysostTosis (Crouzon’s disease), al- 
terations of optic canal in (ab), 608 
CricorHyroip membrane bronchography, percu- 
taneous (ab), 1014 
Crouzon’s DISEASE (craniofacial dysostosis), altera- 
tions of optic canal in (ab), 608 
Cyst, bilateral benign bone, of os calcis, 318 
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choledochal; report of case with contrast visual- 
ization, 934 
Cysts and tumors of mandible; their ditterential 
diagnosis, 292 
in coverings of spinal cord, formation of (ab), 
618 
epidermoid, of spleen in children, §34 
pancreatic, in modern surgery (ab), 615 
Cystic pucr remnant, intramural, 930 
Cystitis emphysematosa; 19 cases with intraluminal 
and interstitial collections of gas, 850 
CyroGraM and gammagram in study of thyroid 
carcinoma (ab), 403 
CysTOURETHROGRAPHY in paraplegia: its practical 
application (ab), 1017 
voiding: simple technique (ab), 217 


DextTrocarDIA, congenital; clinical, angiocardio- 
graphic, and autopsy studies on $0 patients 
(ab), 210, 211 
DIABETES MELLITUS, bone changes in necrosis in; 
differentiation of neuropathic from ischemic 
necrosis (ab), 619 
DiaGnostic and therapeutic potential, lymphangio- 
grams: their (ab), 798 
method, use of lymphography as (ab), 400 
roentgenography of breast, improved method tn, 
178 
DiscoGRapnHy, cervical, 
DirRiOKON toxicity, experimental studies of, 1138 
Dona.pson, SaMuEL W., 18g1-1961 (E), 372 
Dose RATE, fluoroscopic, simple method of reducing, 
594 
DvopeNnAL hematoma induced by coumarin, 70 
polyp, malignant, intussusception of, go3 
stasis (ab), 212 
DvopENuM, modifications in motor activity of small 
intestine due to disturbances of flow of bile 
into (ab), 212 
Dyspasia, spondylo-epiphyseal (pseudo-achondro- 
plastic type), 462 


Ecropia Corbis, congenital bifid sternum with, $13 
Epema of interureteric ridge 
1123 
EprroriaLs 
Sixty-second Annual Meeting of the American 
Roentgen Ray Society, 187 
Franklin B. Bogart, 1894-1961, 190 
David M. Gould, 1914-1961, 192 
Instruction Courses of the Sixty-second Annual 
Meeting of the American Roentgen Ray 
Society, 367 
Forty-third Annual Meeting of the American 
Radium Society, 369 
Samuel W. Donaldson, 1891-1961, 372 
Thymus Gland in Children and the Roentgenol- 
ogist, 598 
Dosage Limitation in Combined Treatment by 
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Irradiation and Surgery of Carcinoma of 
Uterine Cervix, 
Registry of Radiologic Pathology, 778 
Sixty-second Annual Meeting of the American 
Roentgen Ray Society, 991 
G. G. Palmieri, 1892-1961, 994 
Lawrence Reynolds, 18gg-1961 
Lawrence Reynolds and the American Roentgen 
Ray Society, 1165 
Resolutions of the Detroit Roentgen Ray and 
Radium Society, 1166 
Lawrence Reynolds and Harper Hospital, 1167 
Lawrence Reynolds and Wayne State Univer. 
sity, 1168 
Lawrence Reynolds as a Teacher, 1170 
The Lawrence Reynolds Library, 1172 
Lawrence Reynolds and the Detroit Public 
Library, 1175 
The Heritage of Lawrence Reynolds, 1177 
Lawrence Reynolds An Homage, 1181 
ENDOCARDIAL CUSHION DEFECTS (ab), 1015 
Ereritis, regional, ureteral obstruction from, 114 
pipERMOID Cysts of spleen in children, §34 
“PIPHYSEAL PLATE, bilateral incurving of terminal 
phalanges of fifth fingers; isolated lesion of, 
49° 
“SOPHAGEAL stricture following ingestion of clinitest 
tablets, S79 
varices, bleeding, and reflux esophagitis (ab), 
212 
varices, bleeding, in presence of normal spleno- 
portogram, Case report, 1103 
“SOPHAGITIS, primary and secondary reflux, surgical 
treatment of (ab), 612 
reflux, and bleeding esophageal varices (ab), 212 
“SOPHAGUS, aberrant insertion of pulmonary vein 
into left atrium simulating intrinsic lesion 
of, SSS 


and stomach, primary rhabdomyosarcoma of, 
896 
in association with esophageal atresia and trach- 
eoesophageal fistula, motor activity of, 884 
“TIOLOGY, leukemia in childhood and young adult 
life; trends in mortality in relation to (ab), 
1024 
of childhood malignancies; congenitally deter- 
mined leukemias (ab), 802 


EVALUATION OF FILM SIZE in cineradiography (ab), 
1021 

E.wina’s sarcoma; critical analysis of 165 cases (ab), 
1018 


EXAMINATION, small bowel, notes on, 76 


EXTERNAL SCINTILLATION DETECTOR PECHNIC, 


method and parameters for analysis of 
renal function by (ab), 1017 
EXTRAPULMONARY MANIFESTATIONS, collagen dis- 
eases: demonstration of nonspecificity of 
their, 938 
EXTRARENAL CALyces: their relationship to renal 
disease, 823 
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Eye, radiation exposure and protection of human 
lens in therapy about (ab), 799 


FEMORAL NECK, postirradiation fractures of; empha- 
sis on results of treatment (ab), 22 
Ferat circulation occurring at birth, cineroentgen- 
ographically demonstrated changes in; 
serendipic commentary, 407 
hydrops, roentgenologic diagnosis of, 415 
weight determination, new method of, 425 
F1rsROMUSCULAR hyperplasia of renal arteries, roent- 
gen diagnosis of (ab), 1017 
FipROUS DYSPLASIA, its similarity with, atypical 
osteomyelitis following inadequate anti- 
biotic therapy (ab), 399 
FILM FINDINGS, plain: hydranencephaly, 453 
FILM-SCREEN combinations to variation in roentgen- 
ray kvp., response of, 1160 
FLUOROMETERS, two, designed to measure radiation- 
induced fluorescence of silver-activated glass 
rods, comparison of (ab), 403 
FLvuoroscopic dose rate, simple method of reducing, 
S94 
ForEGUT, anomalous position of, 582 
ForTyY-THIRD ANNUAL MEETING OF AMERICAN Ra- 
piuM Society (EF), 369 
Fossa, posterior, in child, meningioma of, 456 
posterior, new data on median sagittal pneumo- 
stratigraphy of (ab), 608 
Franktin B. BoGart, 1894-1961 (EF), 190 


GALLBLADDER (stuc y of 20 cases), detection and in- 
cidence of benign tumors of (ab), 614 

GAMMAGRAM and cyroGRaM in study of thyroid car- 
cinoma (ab), 403 

GAMMA-SCINTIGRAPHIC DELINEATION of tissues with 
relatively low uptake, new arrangement for 
(ab), 801 

GaARGOYLISM: review of roentgen skull changes with 
description of new finding, 473 

Gas in portal venous system, 920 

GASSERIAN GANGLION, roentgenologic features of 
neurofibromas involving, 148 

GASTRODUODENAL INTUSSUSCEPTION, gOO 

GASTROENTEROLOGY, radioisotopes as diagnostic aids 
in; evaluation (ab), 404 

GIGANTISM, pituitary, in child five years of age: 
effect of x-radiation, estrogen therapy and 
self-imposed starvation diet during eleven- 
year period (ab), 609 

multiforme, angiographic —hyper- 
vascularity and survival in, 640 

Giiomas, pontine, roentgen therapy of, 644 

Giucosr, fasting blood, to oral roentgenographic 
findings, relationship of, 310 

Goutp, Davin M., 1914-1961 (E), 192 

Gout, roentgenological findings in (ab), 400 

GranuLomatosis, Wegener's, with discrete lung 
lesions and peripheral neuritis (ab), 209 

GyxecoGrRapuy; technique and interpretation, 866 
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Hamarro.ipoma of kidney: clinical and roentgen 
features, 830 
Hamarrtoma, pulmonary, 842 
HANDLING DEVICE, improved patient, 1162 
Heart disease, clinical arteriosclerotic, and autopsy 
findings, cinefluorography of coronary 
artery calcification; correlation with, 1063 
disease in adult, congenital, pulmonary veins in 
(ab), 1014 
normal canine, effects of cardiac irradiation 
upon, 740 
HEMANGIOENDOTHELIOMA of infancy, hypertrophic; 
successful management of case with path- 
ologic and roentgen therapy criteria, §87 
Hemancioma of bone, roentgen diagnosis of, 1146 
Hematroma, duodenal, induced by coumarin, 70 
Hepatic BLOOD FLOW variations during surgical 
anesthesia in man measured by radioactive 
colloid (ab), 406 
Herniation of left atrial appendage, congenital 
partial defect of pericardium associated 
with, 517 
Herrves zosrer following roentgen irradiation (ab), 
221 
Hip timp in childhood, roentgenologic aspects of, 484 
HuMAN ciRCLE OF WILLIs, normal roentgenographic 
anatomy of, 1040 
HypRANENCEPHALY: plain film findings, 453 
HypERPARATHYROIDISM, primary: correlation of 
roentgen, clinical, and pathologic features, 
329 
HypeErRTENSION, arteriosclerotic narrowing of renal 
arteries associated with, 807 
cause of; bilateral renal artery aneurysm (ab), 
216 
portal, mediastinum in (ab), 793 
secondary to aneurysm of renal artery: report of 
case of long duration cured by nephrectomy 
(ab), 616 
HypERTROPHIC HEMANGIOENDOTHELIOMA of in- 
fancy; successful management of case with 
pathologic and roentgen therapy criteria, 
587 


Hyperrropny, idiopathic myocardial, 1073 


I! fat-absorption test, rapid screening method for 
(ab), 800 
-labelled fat, studies with. IV. Absorption, dis- 
tribution and excretion of radioactivity 
after ingestion of radioactive triolein (ab), 
404 
-labelled fat, studies with. V. Distribution of 
radioactivity after intravenous injection 
of radioactive triolein (ab), 404 
ILEUM, two rare tumors of (ab), 613 
IL1Ac HORNS: pathognomonic roentgen sign of famil- 
ial onycho-osteodysplasia, 478 
INcURVING of terminal phalanges of fifth fingers, 
bilateral; isolated lesion of epiphyseal plate, 
490 
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INFARCTION, rena., radiographic features of; review 
of 13 cases (ab), 215 
Injury, closed renal (ab), 216 
INTERCALATIVE angiography; cardiovascular spot- 
filming (ab), 1021 
INTERNAL MALLEOLUS, separate centers of ossifica- 
tion of tip of, 496 
INTERURETERIC RIDGE, edema of 
sign, 1123 
INTERVERTEBRAL Discs after injection of S*-sul- 
phate, uptake of S* in (ab), 619 
InrEsTINAL bleeding, experimental method for 
localizing source of (ab), 612 
obstruction, complete, by Meckel’s diverticulum 
(ab), 612 
INTESTINE, small, roentgen findings in lymphosar- 
coma of, 682 
INTESTINES, pneumatosis of, 911 
INTRACEREBRAL CALCIFICATION and ‘‘pseudotumor 
cerebri,” contribution to problem of (ab), 
610 
INTRACRANIAL Calcification in infants; is it possible 
roentgenographically to distinguish be- 
tween toxoplasmosis and cytomegalic inclu- 
sion disease?, 458 
tumor pathology, some pitfalls in angiographic 
diagnosis of (ab), 1o10 
INTRALUMINAL CALCIFICATION of inferior vena cava, 
556 
INTRAMURAL CYSTIC DUCT REMNANT, 930 
INTRAVASCULAR INJECTION of contrast media, tran- 
sient proteinuria; following (ab), 1018 
INTRAVENOUS abdominal aortography in diagnosis 
and differential diagnosis of aneurysms of 
splenic, hepatic and renal arteries, 1108 
cholangiography, results of laminagraphic ex- 
amination in study of bile ducts during 
(ab), 795 
urography in prostatic hypertrophy (ab), 217 
INTUSSUSCEPTION as postoperative complication in 
pediatric surgery (ab), 795 
of malignant duodenal polyp, 903 
gastroduodenal, goo 
In virro Test of thyroid function—red blood cell 
uptake of L-triiodothyronine labelled with 
radioactive iodine, experience with (ab), 
800 
IopDINE LEVEL, serum protein-bound, in various thy- 
roid states (TSH-PBI test), effect of thyro- 
tropin on (ab), 1022 
IopipAMIDE, radioactive, evaluation of liver function 
with, 768 
IRRADIATION and surgery of carcinoma of uterine 
cervix, dosage limitation in combined treat- 
ment by (E), 775 
of heart as possible preventative of infarction; 
arteriographic studies of coronary circula- 
tion in dogs with experimental infarct 
which was preceded by radiation therapy 
(ab), 405 
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pituitary, for acromegaly (ab), 401 

previous, and cancer of thyroid (ab), 1024 

total, followed by transfusion of allogenic hema- 
topoietic cells, treatment of AkR mice at 
age of six months by. Respective incidence 
of leukemia and secondary syndrome (ab), 
1026 

ISOINTENSITY PATTERNS of scattered radiation 

around mirror optic photofluorographic 
unit, 983 


Joinrs, Charcot’s early changes in, 965 


KIDNEY carcinoma as result of thorotrast injury (ab), 


999 


hamartolipoma of: clinical and roentgen feature, 
830 
medullary sponge, 119 
nonvisualizing: pathologic study of 83 neph- 
rectomy specimens (ab), 215 
syndrome, movable. Successful nephropexy: 
historical survey and current assessment 
(ab), 214 
KIDNEys in disease of main renal artery, asymmetry 
of (ab), 1016 
Kwek, arthrography of; critical study of errors and 
their sources, 349 


LAMINAGRAPHIC EXAMINATION in study of bile ducts 
during intravenous cholangiography, re- 
sults of (ab), 795 

LAMINAGRAPHY of temporal bone, 281 

LARYNGEAL PATHOLOGY on conventional roentgeno- 
gram of chest: diagnostic and prognostic 
significance, 661 

LARYNGOCELE, ventricular (report of 4 cases) (ab), 
610 

Larynx and pharynx, contrast examination of: ac- 
curacy and value in diagnosis, 651 

LATERAL PROJECTION, erect, of pelvis: assessment of 
its value as initial procedure in pelvimetry 
(ab), 797 

LAWRENCE REYNOLDS 


announcement of death (BE), 


DISEASE 
(ab), 1019 
-pathogenesis and evolution; failure of treat- 
ment with L-triiodothyronine (ab), 101g 
(LERICHE’S SYNDROME), aortic occlusion, in mitral 
stenosis; report of six cases (ab), 210 
LESIONS OF COLON, some, in infancy and childhood 
(ab), 795 
LEUKEMIA, acute myeloid, in adolescents (ab), 1023 
and secondary syndrome, treatment of AkR 
mice at age of six months by total irradia- 
tion followed by transfusion of allogenic 
hematopoietic cells. Respective ' incidence 
of (ab), 1026" 
in childhood and young adult life; trends in 
mortality in relation to etiology (ab), 1024 
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LEUKEMIAS, congenitally determined; etiology of 
childhood malignancies; (ab), 802 
LEVOCARDIOGRAPHY, selective, ventricular septal 

defect in (ab), 792 
LIGNIBEZOAR; report of case, 892 
Liroma of corpus callosum, 142 
LiposARCOMA, primary, of bone: report of case and 
review of literature (ab), 398 
Liver disease by radioisotope scanning, diagnosis of 
(ab), 800 
function with radioactive iodipamide, evalua- 
tion of, 768 
metastasis, calcified, from carcinoma of colon 
(ab), 614 
percutaneous splenoportography and _intra- 
splenic adrenalin test in cirrhosis of (ab), 
797 
LYMPHANGIECTASIS, congenital pulmonary; report 
of case with roentgen findings, 576 
LyMPHANGIOGRAMS: their diagnostic and therapeutic 
potential (ab), 798 
LyMPpHOGRAPHY as diagnostic method, use of (ab), 
400 
LyMPHOSARCOMA and reticulum cell sarcoma in in- 
fancy and childhood, roentgen diagnosis of, 
693 
of small intestine, roentgen findings in, 682 


Mate, adult, urethrography in, 136 

MALIGNANCY, vena cavagraphy in management of, 
718 

MALIGNANT neoplastic disease with radioactive col 
loidal gold (Au'*), results of treatment of; 
analysis of 60 cases (ab), 1023 

MANDIBLE, cysts and tumors of; their differential 
diagnosis, 292 

MECKEL’S DIVERTICULUM, complete intestinal ob- 
struction by (ab), 612 

MEDIASTINUM in portal hypertension (ab), 793 

primary seminoma of: report of case with un- 

usual site of metastasis and review of litera- 
ture, 669 

MEDULLARY SPONGE KIDNEY, I1g 

MELORHEOSTOSIS; report of case (ab), 619 

MENINGIOMA of posterior fossa in child, 456 

MENINGIOMAS of olfactory grooves (ab), 789g 

MESENTERIC ARTERIOGRAPHY, 103 

Merasrases to skin, nodular, case report with ob- 
servations in radiosensitivity of; carcinoid 
of rectum, 97 

MIcRORADIOGRAPHIC RESEARCH, experimental, on 
vascularity of myocardium of normal heart 
and following radiation therapy (ab), 406 

sTENOsIS, aortic occlusion (Leriche’s syn- 
drome) in; report of six cases (ab), 210 

Moncouism, study of abnormalities of skull, teeth 
and lenses in (ab), 608 

Mucormycosis of colon, 86 

MyYELotp LEUKEMIA in adolescents, acute (ab), 1023 

Myetomarosis (ab), 618 
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and radiotherapist (ab), 218 
pathology of (ab), 219 
radiological aspects of (ab), 218 
MyocarDIAL HYPERTROPHY, idiopathic, 1073 
Myocarpium of right ventricle (Uhl’s anomaly), 
congenital aplasia or marked hypoplasia of; 
clinical, angiocardiographic, and hemody- 
namic findings (ab), 790 
Myxoma of bone in childhood (ab), 398 


Necrosis, renal papillary (ab), 616 

Neop.asms, thyroid, unusual aspects of (ab), 402 

NEPHRECTOMY, hypertension secondary to aneurysm 
of renal artery: report of case of long dur- 
ation cured by (ab), 616 

specimens, pathologic study of 83: nonvisualiz- 

ing kidney (ab), 215 

Nepurirtis, radiation, in adults and children; effects 
of radiation on growing bones (ab), 799 

NEPHROPEXY, successful: historical survey and cur- 
rent assessment. Movable kidney syndrome 
(ab), 214 

NERVOUS SYSTEM, central, morphology, theory and 
problems of late radiation damage to (ab), 


9909 


NEUROFIBROMAS involving gasserian ganglion, roent- 
genologic features of, 148 

Nevuroripromatosis, skeletal lesions in (ab), 398 

NEuTRONS, stray, from 35 mev. betatron, measure- 
ment of (ab), 799 


OccipITAL VERTEBRA, 260 

JOINTS in rheumatoid 
arthritis and ankylosing spondylitis, 223 

OLFACTORY GROOVES, meningiomas of (ab), 789 

OpaciFicaTion of bronchial arteries in living; (new 
method of experimental demonstration) 
(ab), 1014 

Orat cholecystography and cholangiography with 
new contrast medium (ab), 213 

roentgenographic findings, relationship of fast- 

ing blood glucose to, 310 

OrGANS and structures to roentgen rays, experi- 
mental opacification of, 986 

Os catcts, bilateral benign bone cyst of, 318 

OssiricaTION of tip of internal malleolus, separate 
centers of, 496 

Osreo.tysis of acromial end of clavicles in rheuma- 
toid arthritis, 251 

OsrEOMYELITIS, atypical, following inadequate anti- 
biotic therapy: its similarity with fibrovs 
dysplasia (ab), 399 

chronic pyogenic, following inadequate admin- 

istration of penicillin, observations on 
changes of pattern in: their similarity with 
other bone diseases (ab), 399 


PAGET'S DISEASE, some roentgen features of, 950 
Pavmtert, G. G., 1892-1961 (E), 994 


at 
ce 
ic 
| 
it 
d 
ic 
yf 
g | 


1194 Subject Index to Volume 86 


PALMO-PLANTAR KERATOSIS, mutilating, roentgen 
appearance of, 944 
Pancreas, radiology in tumors of (ab), 796 
PANCREATIC carcinoma and its early roentgenologic 
recognition, I 
cysts in modern surgery (ab), 615 
PAPILLARY NECROSIS, renal (ab), 616 
PARAPLEGIA, Cysto-urethrography in: its practical 
application (ab), 1017 
PARKINSONISM, percutaneous injection of thalamus 
in; preliminary report: relief of bilateral 
facial grimaces (ab), 208 
PATHOLOGY OF MYELOMATOSIS (ab), 219 
PATIENT HANDLING DEVICE, improved, 1162 
PEDIATRIC SURGERY, intussusception as postopera- 
tive complication in (ab), 795 
PELVIMETRY, erect lateral projection of pelvis: as- 
sessment of its value as initial procedure in 
(ab), 797 
PEtvis, erect lateral projection of: assessment of its 
value as initial procedure in pelvimetry 
(ab), 797 
renal, and calyces, non-pathological filling 
defects of (ab), 215 
PENICILLIN, observations on changes of pattern in 
chronic pyogenic osteomyelitis following 
inadequate administration of: their similar- 
ity with other bone diseases (ab), 399 
PERCUTANEOUS injection of thalamus in Parkinson- 
ism; preliminary report: relief of bilateral 
facial grimaces (ab), 208 
PERICARDIUM associated with herniation of left 
atrial appendage, congenital partial defect 
of, 517 
PERIPHERAL PULMONARY STENOSIS (ab), 791 
PuHarynx and larynx, contrast examination of: ac- 
curacy and value in diagnosis, 651 
PHEOCHROMOCYTOMA Causing ureteric obstruction in 
child (ab), 617 
with large cystic calcification and associated 
sphenoid ridge malformation (ab), 218 
PHOTOFLUOROGRAPHIC unit, isointensity patterns of 
scattered radiation around mirror optic, 983 
Prrurrary gigantism in child five years of age: effect 
of x-radiation, estrogen therapy and self- 
imposed starvation diet during eleven-year 
period (ab), 609 
irradiation for acromegaly (ab), 401 
localizer, simple, for radiation therapy, 649 
PNEUMATOSIS of intestines, gII 
PNEUMOCONIOsIS and respiratory symptoms _ in 
miners at eight collieries (ab), 1012 
benign, due to tin dioxide, stannosis; (ab), 1013 
Pneumonia, staphylococcal, in adults; review of 102 
cases, 1083 
PNEUMOSTRATIGRAPHY, median sagittal, of posterior 
fossa, new data on (ab), 608 
PNEUMOTHORAX, noisy; observations based on 24 
cases (ab), 1013 
spontaneous, as complication of pulmonary 


DECEMBER, 1961 


metastases in malignant tumors of child. 
hood, 1092 
PONTINE GLIOMAS, roentgen therapy of, 644 
PorTAL SYSTEM, total anomalous pulmonary venous 
drainage into (ab), 1015 
PORTAL VENOUS SYSTEM, gas in, 920 
total anomalous pulmonary venous connection 
to: cause of pulmonary venous obstruction, 
561 
POSTIRRADIATION FRACTURES of femoral neck; em- 
phasis on results of treatment (ab), 220 
PosTMORTEM FINDINGS in cancer of cervix; analysis 
of 108 autopsies in past § years (ab), 401 
PrepyLoRIC ULCER, simple benign; possibility of 
unequivocal roentgen diagnosis, 50 
PRESIDENT’s ADDRESS: Integrated Radiology, 803 
PRIMARY SEMINOMA of mediastinum: report of case 
with unusual site of metastasis and review 
of literature, 669 
PROPHYLAXIS OF BILIGRAFIN REACTIONS (ab), 615 
PROSTATIC HYPERTROPHY, intravenous urography in 
(ab), 217 
Pseupocysts, bilateral hemorrhagic, of adrenal 
glands in newborn, 540 
PsEUDO-PSEUDOHYPOPARATHYROIDISM: report — of 
three cases in one family (ab), 1021 
“PsEUDOTUMOR CEREBRI” and intracerebral calcifi- 
cation, contribution to problem of (ab), 610 
PULMONARY apex, roentgen image of subclavian 
artery in, 1058 
arterial pressure in mitral stenosis, roentgen 
evaluation of (ab), 791 
circulation by angiopneumography, attempt to 
measure (ab), 209 
hamartoma, 842 
lymphangiectasis, congenital; report of case 
with roentgen findings, 576 
stenosis, peripheral (ab), 791 
vein into left atrium simultaing intrinsic lesion 
of esophagus, aberrant insertion of, 888 
veins in congenital heart disease in adult (ab), 
1014 
venous connection, total anomalous, to portal 
venous system: cause of pulmonary venous 
obstruction, 561 
venous drainage into portal system, total anom- 
alous (ab), 1015 
ventilation studies in broncho-pulmonary con- 
genital anomalies; study of § cases (ab), 
1013 
Putse and blood pressure, influence of radium 
emanation upon (ab), 612 


Raptation damage, late, to central nervous system, 
morphology, theory and problems of (ab), 


999 


damage to ribs and clavicles in patients with car- 
cinoma of breast (ab), 799 

exposure and protection of human lens in ther- 
apy about eye (ab), 799 


| 
| 
| 
( 
at 
| 
/ 
| 
| 


Subject Index 


Voi. 86, No. 6 


-induced fluorescence of silver-activated glass 
rods, comparison of two fluorometers de- 
signed to measure (ab), 403 
induced nausea and emesis, use of trimetho- 
benzamide (Tigan) for treatment of, 752 
nephritis in adults and children; effects of radia- 
tion on growing bones (ab), 799 
scattered, around mirror optic photofluoro- 
graphic unit, isointensity patterns of, 983 
therapy, experimental microradiographic re- 
search on vascularity of myocardium of 
normal heart and following (ab), 406 
therapy for carcinoma of cervix, “sensitization 
response”’ in prognosis of (ab), 798 
therapy, irradiation of heart as possible pre- 
ventative of infarction; arteriographic 
studies of coronary circulation in dogs with 
experimental infarct which was preceded 
by (ab), 405 
therapy of cancer: current results with mega- 
voltage and orthovoltage, 621 
therapy, simple pituitary localizer for, 649 
Rapioactive colloid, hepatic blood flow variations 
during surgical anesthesia in man measured 
by (ab), 406 
colloidal gold (Au!**), results of treatment of 
malignant neoplastic disease with; analysis 
of 60 cases (ab), 1023 
iodipamide, evaluation of liver function with, 
“68 
sulphur chondrosarcomata; distribution, 
concentration, and effects of S® after intra- 
venous administration to patients with 
chondrosarcoma (ab), 220 
vitamin Bis, effect of food on absorption of (ab), 
1022 
RapIoGoLD seeding of hypophysis in metastasizing 
neoplasms with special consideration of 
mammary carcinoma, experiences. with 
(ab), 801 
RaproGrapHic demonstration of “hypoglossal ar- 
tery’; rare type of persistent anomalous 
carotid-basilar anastomosis (ab), 1012 
features of renal infarction; review of 13 cases 
(ab), 215 
RapioGrapus of dorsal vertebrae in evaluating etiol- 
ogy of lumbosacral derangements, values 
of, low back disorders; (ab), 400 
Rapioropine and prevention of its undesired uptake 
(ab), 222 
damage to chromosomes by therapeutic doses of 
(ab), 1026 
Rapiotsorore renogram, clinical experience with 
new test agent for: sodium orthoiodohip- 
purate-I" (hippuran-I) (ab), 403 
renogram test, advances in (ab), 617 
scanning, diagnosis of liver disease by (ab), 800 
Rapioisoropes as diagnostic aids in gastroenterol- 
ogy; evaluation (ab), 404 
Rapiotocic and clinical investigation on content of 


to Volume 86 1195 


thorium and its disintegration products in 
body; problem of thorotrast injury; first 
communication (ab), 221 
and clinical study of case of anomalous origin 
(from external carotid artery) of left ver- 
tebral artery (ab), 208 
considerations of perinatal distress syndrome 
(ab), 615 
diagnosis of intracranial aneurysms and vascu- 
lar malformations (ab), 790 
features of bone changes in tuberous sclerosis 
with case report (ab), 1020 
RADIOLOGICAL aspects of myelomatosis (ab), 218 
study of thoracic pathologic manifestations, 
utility of Valsalva and Miller maneuvers in 
(ab), 1013 
RapIo.ocy, integrated; President’s address, 803 
in tumors of pancreas (ab), 796 
RK ADIORENOGRAM curve, analysis of, 819 
with radio-renografin-I", as diagnostic aid in 
urologic problems (ab), 403 
RADIOTHERAPIST and myelomatosis (ab), 218 
RapiIuM emanation upon pulse and blood pressure, 
influence of (ab), 612 
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Economical...Proven Roller-Type 
System of X-Ray Film Processing 


PROCESSOR 


SMALL 44 inch long base 
EFFICIENT Fast 7 minute uniform processing x 
LOW C OST Priced to fit any X-Ray department 


The Pakorol-XM is a prov- 
en, automatic system for 
processing and drying X- 
Ray film the hangerless way 
—complete roller operation. 
Occupies less than 10 sq. ft. 
of space. It is designed for 
efficient, economical proc- 
essing in the private office 
or clinic, and small as well 
as large hospitals who wish 
to diversify processing sta- 
tions. Let the Pako Plan- 
ning Service show how a 
Pakorol-XM Processor will 
fit your X-Ray department. 
For complete information 
contact your Pako Distrib- 
utor or write to Pako Cor- 
poration. Pakorol-XM Processor—Left Hand Installation Ililustrated 


THE TINY PAKOROL-XM HAS BIG FEATURES: 
e Full worm driven racks, no chains e Capacity of 110 mixed size film per hour 


e Right and left hand installation @ Processes all brands of medical screen 
© Quiet, roller-type operation film in sizes from 4" x 4" thru 17” x 36” 
@ 7-minute total processing time sheet film. Roll film in widths of 17” or 
@ No. 4 Satin Stainless Steel finish less. 


PAKO CORPORATION 


6300 Olson Memorial Hgwy., Minneapolis 40, Minn. USA 
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Profexray designed the Jupiter-150 not only to meet 
the generally accepted specifications of first-line equip- 
ment, but also to include (as built-in features) many 
“extras” normally available only at additional cost, 
plus exclusive features found on no other apparatus: 


@ Single Direct-Reading MA Meter (patent pending) adds 
up to 12,000 extra chest exposures to normal life ex- 
pectancy of your x-ray tube. 

@ True 1/120-second timer with increments of 1, 2, 3 or 
4 impulses — guaranteed accurate to .0005 seconds. 

® Optimum phase angle contacting eliminates surges, ef- 
fects longer tube life. 

® Accurate fluoroscopic MA calibrations facilitate precise 
low MA image intensifier work. 

® Separate fluoroscopic KV with integrating timer. 

@ Instant operation — no warm-up necessary. 


150-KV 


(300 MA at 150 KV) 
(500 MA at 125 KV) 


A truly 
precision 
instrument... 
every 
component 
engineered to 
assure years of 
accurate, 
consistent 
radiography in 
the busiest 
department. 
Comparable 
only with the 
finest, first-line 
apparatus. 
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Medotopes by Squibb- 


Radioactive Pharmaceuticals for diagnosis and therapy 


-IODOTOPE DIAGNOST 

Thyroid gland uptake, 
tein-bound-iodine (PBI) 

studies, and thyroid 


SODIUM 
agging red blood cells — 
for volume; survival, 
ntestinal bleedi 


iver function, blood 
circulation studies. 


ROBENGATOPE 


fu 


Medotopes cover an extensive range of 
diagnostic and therapeutic procedures, 
each reflecting the latest developments in 
radioactive medicine. All Medotopes con- 
vey, as well, the utmost in safety and con- 
venience, All feature unique packaging 
safeguards: exclusive lead shield en- 
closures for easy opening — no direct 
contact is required; bottle caps unscrew 
automatically; shipping cartons have 
“pull-tab” openers; vials and bottles are 
carefully encased and then doubly pro- 
tected by transparent, shatterproof plastic 
coatings. Each preparation is custom- 
handled. Delivery is custom-routed by 
Squibb Traffic Service. Access to three 
major airports expedites this service. 


Diagnostic Medotopes, in addition to 
those illustrated, are: Chromitope Chlor- 
ide * Ferrutope * Phosphotope * Rubra- 
tope 58 and 60 * Cobatope 58 and 60 
Tritiotope * Therapeutic Medotopes are: 
Aureotope * Chromphosphotope * Iodo- 
tope * Iriditope * Phosphotope. 


For full information, communicate with 
E. R. Squibb & Sons, Professional Service 
Department, 745 Fifth Avenue, New York 
22, New York. 


Medotopes 


SQUIBB 
Squibb Quality 
—the Priceless Ingredient 


“‘asumotore ®, ‘aurcorore®, ‘curomitore’®, 
*COBATOPE 58 AND ‘rerrutore’®, 
“uipputore’, ‘mevorores’®, ‘oreorore®, 
‘rowencatore’®, ‘nusratore®, 


AND ® ARE SQUIBS TRADEMARKS. 
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Fluoroscopic table for Angiography and 
Catheterization. Single or twin-tower supports 
fluoroscopic screen or Image Intensifier, cine and 
TV cameras. Floating table top. Available accessories: 
tilting mechanism, device for leg arteriography, 
arm support, stand for two pressure transducers etc. 


Available through your local dealer. 


SCHICK X-RAY 


company, inc. 
444 NORTH LAKE SHORE DRIVE . CHICAGO 11, tLLinors 
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maneuverability and versatility are 
outstanding features of the 


\ 


MODEL GR-200 
MOBILE X-RAY UNIT 


® capacity: 200 Ma at 100 P.K.V. 


@ full wave rectified ...4 valve tubes 


TUBE EXTENDS FULL 48 : 
INCHES FROM TUBE COLUMN > 


Large 10 inch diameter, rubber 
tired roller bearing wheels make 
unit so easy to move and maneu- 
ver, 


Fast acting brake operated by 
convenient height control handle 
securely locks both wheels. 


Unit operates on 220 or 110 volt 


® Unit also available 
in 100 Ma at 100 
P.K.V. Full Wave 


line. Rectified Capacity. 
| \ 

Standout 

X-RAY COMPANY COMPLETE 


1932 N. BURLING STREET, CHICAGO 14, ILLINOIS INFORMATION 


Fully counterbalanced tube 
stand permits focal spot ad- 
justment from 10 inches to 
72 inches above floor. 


Illustration shows tube “‘parked’”’ 
___ for easy moving of storage 
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HRZ-3 


Supplied with the greatest number of 
cable arm angles! 90°, 105°, 155°, or 180°. 


HRZ-3 


Shockproof rotating anode x-ray tube unit 
designed to meet the exacting require- 
ments of diagnostic service up to and in- 
cluding 125 KvP. 


HRZ-3 


Large heat storage capacity! High dissi- 
pation rate! All focal spots super imposed! 
17° target angles! 


CORPORATION 


Available from stock: 
Double focus units using 
focal spot combinations of 
0.5mm —1.5mm 
1.5mm —1.5mm 
1.0mm —2.0mm 


Available on special order: 


0.3mm —1.0mm 
0.3mm —1.5 mm 
0.3mm —2.0mm 
0.5mm — 2.0mm 


HRZ-3 

Applicable to all types of photo- 
roentgenographic, seriolographic 
and fluoroscopic service. ‘ 


1023 SOUTH PUSHECK ROAD + BELLWOOD, ILLINOIS 
Telephones: Bellwood: Linden 7-9535 + Chicago: COlumbus 1-6931 
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EVALUATION OF 
THYROID FUNCTION 
USING RADIOIODINE 
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EVALUATION OF 
THYRCID FUNCTION 


The evaluation of thyroid function with 
radioactive iodine is the most widely used 
clinical application of radioisotopes. This test 
is based upon the well established relation 
between the avidity of the thyroid gland for 
iodine and its functional state. Iodine is used 
by the gland in the synthesis of the hormones 
thyroxin (T4) and triiodothyronine (T3) 
which are secreted into the blood stream for 
distribution to the tissues where they serve 
as key metabolic regulators. The rate at which 
the thyroid gland accumulates radioiodine 
from an orally administered dose and secretes 
labelled hormone into the blood stream are 
useful indexes of its function. 


Of the several tests used for thyroid function, 
the direct measurement of iodine uptake by 
the thyroid gland is by far the most popular. 
The estimation of accumulation in the gland 
is usually made 24 hours after the oral admin- 
istration of a tracer dose, although there is 
evidence that shorter time periods may be 
employed. 


TYPICAL METHOD USING SCALER 


1. Administer 5-25 microcuries of radio- 
iodine by mouth as a solution diluted in 
a glass of water or as a precalibrated cap- 
sule. The material is rapidly and essen- 
tially completely absorbed from the 
gastrointestinal tract. 


2. Set aside an identical dose of the radio- 
iodine to be used later as a “standard.” 
Store the standard in a small lead shield, 
removed from the place of counting until 
it is required. 


3. The patient returns in 24 hours for esti- 
mation of the per cent of the administered 
dose of radioiodine which has been accu- 
mulated by the thyroid in the period. 


4. The uptake of radioiodine in the gland is 
estimated by external counting with a 
probe scintillation detector. The pro- 
cedure is to measure the radioactivity in 
the standard and then in the patient’s 
thyroid. The uptake is the ratio of these 
two measurements. 


Figure 1.—Typical Nuclear-Chicago counting 
system for thyroid uptake measurements, In. 
cluded is a Model DS-301 Scintillation Detector 
with 3” crystal, Model 132B Analyzer Computer, 
and a Clinical Stand with a single arm and 
instrument rack. 


SCINTILLATION 
TOR 


SCALER 
LEAD OR 
PATIENT FILTER SCALER/SPECTROMETER 


Figure 2.—Method of measuring thyroid uptake. 


5. Place the standard in a plastic phantom 
of the neck and position it accurately 
along the centerline of the scintillation 
crystal at a distance of 25 cm. from the 
end of the crystal. The phantom compen- 
sates for the average distance of the thy- 
roid under the neck surface and provides 
an essentially equivalent amount of ab- 
sorption and scatter as the structures in 
the neck. 

6. Determine the radioactivity in the stand- 
ard at the selected distance in units of 
counts per minute. 

’. Determine the background count by 
placing a 4” x 4” x 14” lead filter in front 
of the standard. Remove the standard 
and store in a lead shield at some distance 
from the detector. 

8. Measure the radioactivity in the patient’s 
thyroid gland at the same distance the 
standard was measured. 


9. Measure the background count for the 
patient by placing the lead filter in front 
of the patient’s thyroid gland. 
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40. Calculate the per cent of the adminis- 
tered dose of radioiodine in the thyroid 
gland by the formula: 


Uptake in per cent = 
Patient cpm — Patient background in cpm 


Standard cpm — Standard background in cpm 


x 100 


RESULTS 

Patients with hyperthyroidism usually have 
uptake values between 45%, and 100%. In 
euthyroid individuals the uptake lies between 
15% and 45%. Values below 10% may be 
found in hypothyroidism. As in all clinical 
tests there are “borderline” cases which result 
in some overlap in the ranges given. 


TYPICAL METHOD USING 

SPECTROMETER 

The Spectrometer Method is the same as the 
first method except for the equipment used. 


The spectrometer is used to increase the accu- 
racy of the measurement by eliminating the 
scattered radiation caused by the neck and 
the phantom. The spectrometer is “tuned in” 
on the iodine-131 radiation, thus eliminating 
scatter and all radiations not falling within 
the I-131 energy band. 


The spectrometer may be used two different 
ways: (1) It may be used to cut out all the 
energies both above and below the main 
I-131 energy by establishing a “window” 
around the iodine peak (See Figure 3), or 
(2) it may be used to eliminate only the low 
energy radiations below the peak ( Figure 4). 


ADDITIONAL TESTS AND NOTES 


Aconfirmatory test has been developed which 
increases the accuracy of the radioiodine 
studies in cases with uptakes in the 45% 
range where interpretation is difficult. After 
the administration of 50 ug. of L-triiodothy- 
ronine (T3) for 8 days, the uptake test is 
repeated, taking baseline readings of radio- 
iodine in the thyroid before giving the second 
tracer dose of radioiodine. In euthyroid indi- 
viduals, the uptake will be depressed below 
20% by the exogenous T3. In hyperthy- 
roids, the uptake will remain above 30%. 


Information may also be obtained on the 
status of thyroid function by estimation of 
the quantity of labelled hormone in the 
plasma after administering radioiodine. Sep- 


aration of the hormone from the inorganic 
radioiodide can be effected by precipitating 
the plasma proteins with trichloroacetic acid 
or by absorbing the iodide by anion exchange 
resins. Normally less than 45 per cent of the 
radioiodine in the plasma of a patient receiv- 
ing the isotope 24 hours previously is in the 
form of hormone precipitable with the plasma 
proteins (PBI). In hyperthyroidism, the per- 
centage is higher because of the more rapid 
removal of iodide from the circulation and 
the faster production and turnover of hormone 
in the thyroid gland. 


An in vitro estimation of thyroid function 
is based on the uptake of radioiodine labelled 
triiodothyronine (T3) by erythrocytes in a 
sample of the patient’s blood. The saturation 
of plasma protein binding sites by the high 
levels of thyroxin in hyperthyroidism de- 
creases their availability for T3. Thus, T3 is 
bound to a greater extent on erythrocytes. 
Over 96 per cent of norma! individuals have 
erythrocyte uptakes below 16 per cent of the 
T3 incubated with a sample of blood, when 
the data is corrected to a hematocrit of 100 
per cent. Only 5 per cent of hyperthyroids 
have uptakes which overlap with normals. 


COUNTS PER MINUTE 


Figure 3.—lodine-131 spectrum. Spectrometer 
set to count only the main I-131 energy peak. 


COUNTS PER MINUTE 


Figure 4.-—lodine-131 spectrum. Spectrometer 
set to eliminate low energy radiations below the 


iodine photo peak. 
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NUCLEAR-CHICAGO 
SYSTEMS FOR THYROID STUDIES 


Pictured here are eight typical systems 
which Nuclear-Chicago offers the clinician 
for in vivo and in vitro studies of thyroid 
function using radioiodine. They are repre. 
sentative of more than 200 instruments and 
systems designed by Nuclear-Chicago for 
diagnostic medicine and research. Whatever 
your plans for a radiosotope program, now 
and in the future, there are Nuclear-Chicago 
instruments and systems to meet your work 
load and budget. You will find Nuclear-Chi- 
cago’s comprehensive general catalog a valy- 
able planning aid. Please request your copy. 


\. For the modest budget, the SA1-A Detector 
Stand, 183B Scaler, and DS-101 Scintillation 
Detector with one-inch crystal are available. 


is The SA2 Detector Stand, 132B Scaler. 
Spectrometer, and DS-201 two-inch crystal 
Scintillation Detector offer higher sensitivity, 
The spectrometer reduces effects of scatter radia- 
tion and other sources in the vicinity. 


( Model 1710 Clinical Stand will support 
heavily shielded detectors such as the DS-301 
with three-inch crystal. The arm is motor driven, 


1). An instrument rack to hold scalers, spec- 
trometers, ratemeters, and recorders can easily 
be added to the basic 1710 Stand. 


k. A complete 1710 Stand includes three arms 
and the instrument rack. In the illustration, a 
three-inch detector is connected to a_ scaler- 
spectrometer for thyroid and similar studies, 
while two smaller detectors are connected to 
ratemeters and recorders for such applications 
as studies of kidney function and cardiac output. 


! The Isotope Scanner provides a means for 
scanning body areas and simultaneously pro- 
ducing a line scan or photographic-type record 
of radioisotope distribution. The system is also 
ideal for uptake measurements. 


| 


For in vitro thvroid studies, a intillation well 
detector and scaler spectrometer ire used 


Nuclear-Chicago offers three different well de 
tectors Model I382B Sealer Spectrometer Is 
pictured (G) with the Model DS-202 two-inch 
crvstal well detector and with the Model DS-502 
three-inch-crystal well detector (H) which ts 
available with a 21/32” diameter well or a 14” 
diameter well. These detectors can also be used 
with any scaler or ratemeter available from 
Nuclear-Chicago 


333 East Howard Ave. Des Plaines, I/linois 


Printed in U.S.A. 
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FROM MALLINCKRODT 


DITRIOKON 


sodium diatrizoate and diprotrizoate injection 


allinckrodt” 


MALLINCKRODT CHEMICAL WORKS 


meets the viscosity problem...less than 
Ya as viscous as other contrast agents 


“At this moment I regard Ditriokon 

as the best contrast material available for ae S 
the purpose of rapid injection through oe 
small bore tubes, in view of its excellent at 
tolerance by patients.” 


Ditriokon possesses optimum balance of 
viscosity and iodine content. It“... could be 
given rapidly and with ease at 1% seconds 
even in 50 cc. amounts,"’? and, in general, 
contrast is ‘'.. . good with occasional 

very excellent and dense opacifications.”® 


Mallinckrodt pioneers in the field of 
radiopaque media. 


MIOKON® for intravenous urography 
PYELOKON-R ® for retrograde pyelography 
THIXOKON® for urethrography 


REFERENCES: 
1, Melvin M. Figley, M.D., U. of Wash., School 
of Med., Priv. Comm., March, 1960. 


2. Israel Steinberg, M.D., N.Y. Hosp. Cornell 
Med. Center, Priv. Comm., Oct., 1959. 


3. J. Stauffer Lehman, M.D., Hahnemann Med. 
Coll. and Hosp. of Philadelphia, Priv. Comm., 
Jan., 1 
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PLASTIC, DISPOSABLE, SANITARY ENEMA TIPS 
INCREASED PRODUCTION 


has lowered our costs 
NEW PRICE LIST 
Per Box 10’s 100’s 15x 100 30 x 100 
$1.00 $6.00 $5.50 $5.00 
Per Box Per Box 


In these days of a keen awareness of the hazards 
of cross-infection — “disposability” has become 

of paramount importance. CLY-TIPS are used once 
and discarded. They save valuable time formerly 
required for cleaning and sterilizing. REGULAR 
The new reduced prices on CLY-TIPS now make the 
cost factor negligible in providing protection so 
desirous in this area of patient care. 


Anatomically correct head functions to assure 
retention and prevent leakage or premature release 
of enema solution. 


MEDIUM SIZE 


AVAILABLE IN 2 SIZES 
MULTIPLY-PERFORATED TO ASSURE UNINTERRUPTED FLOW 


B = L a R A | G i N Individually packaged 


270 LAFAYETTE ST., NEW YORK 12 in polyethylene bags. 
In Canada: J. R. Gilbert, Ltd., Toronto 9 
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—~ if you haven’t used PIX 
ou’re in for a pleasant surprise. 
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White Plains, New York. 
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advantage 


a 


reliability 


ORABILEX, without a doubt, pro- 
duces a superior visualization with a significant absence of obscuring 


bowel opacities.!~> It consistently provides reliable, readable and accu- 
rate cholecystograms and cholangiograms — in patient after patient. 
but look beyond the view box.... Due to its high solubility, an important 


differentiation from iopanoic acid, 80 to 90% of the OraBiLex dose is 
rapidly absorbed from the small intestine. Peak blood levels are attained 
in 1 to 2 hours, as shown by radioisotope studies.® This favorable absorp- 
tion index means minimal intestinal residue, superior visualization and 
greater reliability as a basis for diagnosis. In fact, the degree of reliability 
is such that non-visualization usually indicates the presence of biliary 


tract disease. * 1M. A DEVELOPMENT OF GUERBET LABORATORIES 
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Dosage: 6 capsules approximately 12 to 14 hours before examination at intervals 
of 2 to 5 minutes. See package insert for complete dosage information. 
Contraindications: Similar to other contrast media of this class, ORABILEX is con- 
traindicated in the presence of renal insufficiency. 

Supply: Envelopes of 6 capsules (0.75 grams each). Boxes of 5, 25, and 100 enve- 
lopes. Also available, hospital-size bottles of 250 capsules. 

Bibliography 

1. Meszaros, W. T., and Rich, F. M.: J. A. M. A. 172: 1884 (April) 1960. 2. Blue- 
stein, S. G.: J. Med. Soc. N. J. 56: 602 (Oct.) 1959. 3. Arcomano, J. P., et al: 
Am. J. Digest. Dis. 4: 466 (June) 1959. 4. Heacock, C. H., and Wilson, J. M.: 
Memphis Med. J. 34: 187 (May) 1959. 5. Teplick, J. G., et al: Am. J. Roentgenol. 
80: 961 (Dec.) 1958. 6. Lasser, E. C., et al: J. Nuclear Med. 2: 79 (April) 1960. 


oral cholecystographic medium 


bunamiody] sodium 


MT «SCE. Foucera « Company, INC. Hicksville, Long Island, New York 


In Canada: Bell-Craig Pharmaceuticals, Toronto 2B, Ontario 


| 
ast 
| PP. 
| 
| 


MULLARD 


Single and double ended gantry 
Linear Accelerators now available 


Based upon over ten years’ experience Mullard 
Equipment’s Linear Accelerators embody the 
mostadvanced technical and operational features. 
Users now have a choice of either double or 
single ended gantry. 

TECHNICAL FEATURES 
* Energy 4.3 MeV 
* Output 350 roentgens/minute at 100 em f.s.d. 
* Field size at 100 em 3 x 3 to 30 x 25cm 
* Direct readout of field size 
* Low cost radiofrequency power source 


MULLARD EQUIPMENT LIMITED 


OPERATIONAL FEATURES 
* Light beam rangefinder 
* Projection field defining system 
* Beam aligned diaphragms and 5 mm focal spot 
ensure negligible penumbra 
* Automatic treatment termination from 
built-in dosimeter 
* Positional radiographic facilities 
* Automatic are and rotation therapy facilities 
* Gantry movement of 270 
* Continuously variable gantry speed 
* Comprehensive control and monitoring facilities 
* Robust treatment couch with finger tip controls 


Write now, quoting reference AM/688/12 


Manor Royal, Crawley, Sussex, England 
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ILFORD 


RED SEAL 


10 good reasons for using this versatile X-ray film 


Red Seal is an X-ray film of exceptional quality, designed for consistently 
dependable performance under a wide range of varying conditions. Among 
its many outstanding characteristics the following are most significant: 


1 Seal’s extremely high speed enables the use 
of techniques which minimize patient motion, and 
permits a substantial reduction in exposure. 


Ei... fine grain and excellent resolving power result 
in remarkably sharp images. 


3 wide latitude of Red Seal reduces the number 
of retakes resulting from errors in technique. 


4 Seal radiographs are clean and crisp, with 
high contrast and low fog level. 


5 Seal is highly resistant to improper handling, 
and unusually tolerant of adverse darkroom conditions. 


6 Seal can be processed in all automatic proc- 
essors. 


ompiete absence of cur] insures smooth, trouble- 
free operation in high-speed film changes. 


BR corous quality control guarantees consistent 
performance . . . batch to batch and box to box. 


9 Seal is folder-wrapped and foil-protected in 
all standard sizes—5” x 7’ through 14” x 17’’—in 25 
and 75 sheet boxes. Large volume users of the 8” x 
10”, 10” x 12”, 11x 14” and 14” x 17” sizes will find 
the “‘Red Seal 300” packing an economical choice. 


JUFORD 


caret 


X-RAY FILM 


75 FILMS - FOLDER WRAPPED 


14x17s 356x435 2cms 


OPEN DARK ROOM ONLY 
made ENGL BT 
LIMITED LONDON 


10 Prompt delivery of Red Seal is assured; it is 
stocked, sold and serviced by General Electric, Kele- 
ket, Picker, Westinghouse and their authorized deal- 
ers throughout the United States. 


ILFORD ING. 


37 WEST 65th STREET, NEW YORK 23, N. Y. 


IN CANADA: Canadian distributors for Ilford Limited, 
London: W. E. Booth Company Limited, 12 Mercer St., Toronto 2B. 
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Before you buy x-ray 


look 


total cost 


rice takes on a new perspective when you consider the 
cosa cost of x-ray equipment—not just what it costs 
to buy, but what it costs to keep it going over the years. 
Unpredictable repair bills can add substantially to the total 
cost of ‘low bid” equipment. 

General Electric equipment is precision engineered and 
quality built to assure the absolute minimum in mainte- 
nance. One proof of this is the fact that G-E offers Planned 
Maintenance Service. PMS is a contract which, for a fixed 
monthly fee, covers all labor costs for periodic check-ups 
and maintenance, as well as emergency service during office 
hours. General Electric is one manufacturer that stands 
behind its equipment with a written contract. 

Obviously the total cost is the most important figure 
to keep in mind when you are comparing prices on x-ray 
apparatus. General Electric quality and service make it 
possible for you to do this wisely. 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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HACKLEY HOSPITAL, MUSKEGON, MICH. ~ 
. . . where a busy, modern X-Ray Department serves efficiently 
and dependably. First in the U. S. to utilize Planned Maintenance 
Service, this hospital has found that General Electric quality 
workmanship proves dollars-and-cents value, year after year. 


* 


Keep your eye on the total cost of your 
new apparatus—not just what you initially 
pay for it, but what you might have to 

pay to operate it over a period of years. 
General Electric helps take the guesswork 
out of total cost. Here’s one example of 

our confidence in our equipment: 


/ = 


fee year-round “preventive medicine” keeps 


PLANNED MAINTENANCE SERVICE | 


ee your G-E x-ray equipment in top-shape... 


PERIODIC TUNE-UP PREVENTS TROUBLE 

.. . With G-E Planned Maintenance Service you are always sure 
of performance from x-ray equipment. We employ and train our 
own servicemen who check and adjust electrical parts; replace 
them if faulty; do all necessary cleaning; adjust and lubricate 
mechanical parts; adjust and confirm radiographic calibration. 
All without charge for labor. Your regular, fixed PMS fee fully 
covers their work. 


REGULARLY SCHEDULED SERVICE 
EXTENDS EQUIPMENT LIFE 

. . . How often your own G-E x-ray ap- 
paratus receives periodic care is gov- 
erned by type of unit and your work 
load. Each PMS visit is carefully planned 
in keeping with your wishes so as not to 
disrupt schedules. PMS-protected equip- 
ment rarely needs emergency service: 
You rule-out most unexpected break- 
downs by systematic preventive care! 


Litho in U.S.A. 
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Emergency service during office 
hours provided free of extra cost! 


G-E Planned Maintenance Service pro- 
vides speedy emergency help when the 
occasion arises. You can forget going 
through channels—save valuable time— 
since no purchase order is necessary. 
Emergency service is yours during busi- 
ness hours simply for the phone call to 
your General Electric x-ray office! 

This holds true whatever the cause of 
difficulty, even when brought about by 
Operator error; you pay only for parts; 


not a cent where functional adjustment 
can restore operation. 

Planned Maintenance Service is a 
G-E exclusive — exclusively for General 
Electric x-ray equipment! Proven means 
for minimizing your x-ray maintenance 
costs. For further information, contact 
your G-E x-ray representative. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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e earlier and 
diagnosis in difficult cases 


reduced patient retakes 
and radiation expos 


high quality reproduc 
for teaching, publication, 
issemination and _ filing. 


For informat 
tronics, Ine. 
East Monroe Avenue 


Virginia 
TEmple 16-5180 


ISION- ELECTRONIC PHOTOGRAPHIC EQUIP 
THE ‘MEDICAL, “INDUSTRIAL, AERIAL AND GRAPHIC ARTS FIELDS, 


Have you bested 
your gloves recently 7 


NOTE THESE 
DANGER POINTS: 


1—Thumb seam 
2—Base of index finger and middle finger 


Insist upon leaded leather 


Order from your dealer, or 


LIBERTY PROTECTIVE LEATHERS, Inc. 
19-24 Burr Street 
Gloversville, New York 


Knight MITCHELL MARKERS 
reveal X-Ray positions 


Tell X-Ray positions at a glance with Knight 
MITCHELL MARKERS! These markers dis- 
close whether the film was perpendicular, parallel 
or at an intermediate plane at the time of expo- 
sure, 


MITCHELL MARKERS consist of lead letters 
“LY” (Left) and “R” (Right), each containing a 
mercury droplet. You place markers on cassette 
or table during exposure—plane or incline is 
indicated on finished film by position of mercury 
droplet’s shadow, 


Send for Knight MITCHELL MARKERS today 
—only $4.00 per set. Request copy of fact-filled, 
illustrated “X-Ray Marker Bulletin.” 


H. W. KNIGHT & SON, INC. 
7 Lane St., Seneca Falls, N.Y. 
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in every way... 


Complete versatility makes any 
type of treatment easy to 
perform. Fully automatic with 
push-button controls and. 
beam-shape dialing, the 
THERATRON “F” features 


pin-point accuracy, shorter 
“set-up” time and sive 
features fam 


‘ef 

ments.and a cap 


ed the ultimate 


super voltage 
teletherapy. 


ATOMIC ENERGY OF CANADA LIMITED 
Products Division + P.O. Box 93 - Ottawa Canada 


SALES AND SERVICE REPRESENTATION IN OVER ONE HUNDRED COUNTRIES 61-2m 


+ 


meets the most advanced requirements of m re #0) eletherapy me 
Our ve dn your am he 
pleased to call on you — Pl tony) 
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Xray examination simple and rapid; 
, July 2, 1959. 2. Baker, H. L., Jr., and 
R.: Further studies on the accuracy of oral 


“Outstanding Contribution’”' in Cholangiography 


Cholog 


ratin 


Sodium / Methylglucamine 


Rapid Optimal Opacification: 
Within 15 minutes, Cholografin 
outlines hepatic and common 
ducts even after cholecystec- 
tomy, reveals biliary ducts in 
about 25 minutes, and com- 
pletely opacifies the gallbladder 
within 24% hours.“ 


High Diagnostic Accuracy: 
Accuracy in diagnosing bile 
duct disease in postcholecystec- 
tomized patients is reported to 
be 86%.’ In another series, 
Cholografin permitted diagnos- 
tic interpretation in almost 70% 
of patients with chronic chole- 
cystitis. 


“With Little Risk”* No hepatic 
or renal toxicity, no delayed re- 
actions have been observed. 
Cholografin “is the method of 
choice”’* for gallbladder visuali- 
zation in infants. 


Duogr at im Squibb Diatrizoate and Iodipamide Methylglucamines for rapid 


visualization of biliary and renal tracts in routine examinations or differential diagnosis 


Supply: Cholografin Methylglucamine Squibb Iodipamide Methylglucamine Injection U.S.P. is sup- 


plied in 20 cc. sizes, with sufficient excess for sensitivity testing. 


Cholografin Sodium Squibb Iodipamide Sodium Injection N.F. is supplied in cartons containing 


two 20 cc. ampuls with sufficient excess for sensitivity testing. 


Duografin is supplied in bottles of 50 cc. 


For full information, see your Squibb Product Reference or Product Brief. 


References: (1) Cohn, E. M.: Am. J. Gastroenterol. 35:115 (Feb.) 
1961. (2) Jones, M. D.; Sakai, H.; and Rogerson, A. G.: J. Pediat. 
53:172 (Aug.) 1958. (3) Machella, T. E.: Gastroenterology 34:1050 
(June) 1958. (4) Orloff, T. L.: Am. J. Roentgenol. 80:618 (Oct.) 
1958. (5) Johnson, G., Jr.; Pearce, C.; and Glenn, F.: Ann. Surg. 
152:91 (July) 1960. (6) McClenahan, J. L.: Pennsylvania M. J. 


62:188 (Feb.) 1959. *cHococrarin’ ® ano ‘puocrarin’® are TRADEMARKS. 


Squibb Quality — 
the Priceless Ingredient 
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PHOTO COURTESY OF THE AMERICAN MUSEUM OF NATURAL HIST 


one 


is the miracle of uni- 


formity to be found in the 


honeycombs of the tiny 
bee. A man-made wonder 


of uniformity is GEVAERT 


medical x-ray film— precisely G E VA E R af 


X-RAY FILM 


quality-controlled to assure 


Exclusive Distributors: 
LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N.Y. 
¢ NATIONWIDE WAREHOUSING e 


the radiologist the ultimate in 


consistently fine performance 


Other Offices: 2304 Sawtc!le Blvd., Los Angel:s 64, Cal. @ 501 Armour Circle N.E., Atlanta 9, Ga. © 7307 Ardmore St., Houston 21, Tex. @ 6611 N, Lincoln Ave., Chicago 45, 


5 
4 “4 
? 
| 
| 


JUNIOR 
uses any solution!!! 


The special, stainless alloy pins depicted above, are but a small 
part of the FAX-RAY processing system, but have a very specific purpose. 


They deftly pluck your exposed films from the 
magazine or loader and convey them 
through a completely automated, 8-minute 

processing cycle. Your films touch abso- 

lutely nothing except the processing 
solutions until they are dropped in the 

: receiving basket . . . developed, 

aa fixed, washed and dried . . . another 
example of thoroughness in Fisher 
research and engineering. 


INC. @ Newburgh, N. Y., 
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‘he get uniform, highest quality processing hour 
after hour every day with the Kodak X-Omat Proc- 
essing System. 

What’s more, film reading can begin only minutes 
after exposure and more examinations can be sched- 
uled in a day. Referring physicians and patients 
receive improved service. Work peaks are smoothed 
out, work pressure reduced. And the M4 Kodak 
X-Omat Processor needs less than half the space 
required for a hospital bed. 


For detailed information, consult your Kodak 
X-Omat Processor dealer, or write: 


EASTMAN KODAK COMPANY 
X-Omat Center, Rochester 4, N.Y. 


Smoother work-flow 
Faster reports... 
with Kodak X-Omat 


Processing System 


Two models are 
available: Mode| M4, 
for every radiologist’s 
practice in private 
office, clinic or 
hospital; Model M3, 
for the larger 
institutions. 
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and tally of the value. 


USED X-RAY FILM 


®@® We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


@ We remit in advance if desired, or promptly after receipt 


@ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, 


53 W. Jackson Blvd., Chicago 4, Ill. 


THE CURV-X CASSETTE 


CENTER 
FED 


CAMPBELL X-RAY CORP.—Boston 15, Mass. 


Or Your Dealer 


NE MICRO X-RAY 
RECORDER 
MICROFILMS X-RAYS, CHARTS 


AND ALL HOSPITAL RECORDS 


Check These 
Exclusive 
Advantages 


Two lens—give full 
18!/2" or 10” 
x 12” coverage with 
diagnostic detail 
and density for phy- 
sicians' reference. 
Lightens darkened 
or overexposed films 
by special panel 
switch. 1100 to 4400 
X-Ray films per roll 
—saves you money. 
Uses 4 films—tet's 
‘Ou use special films 
or economy. 


the Micro X-Ray re- ONLY 


corder will pay for it- 


self in space and filing 
cabinets saved. $4 295 
r 


Ask about our Service Rental Plan. 


MICRO X-RAY RECORDER, INC. 


3755 W LAWRENCE AVENUE © CHICAGO 75, ILLINOIS 
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Dynamic Myelography 


These two radiographs of the same patient dem- 

onstrate the bulging of the annulus fibrosus 

during hyperextension and flexion, respectively, P 
of the vertebral column. 30 ce of Pantopaque : ’ 

contrast medium was used, Note how this tech- ‘ uf E 
nique permits visualization of the posterior sur- . 4 z 


face of the vertebral canal. 


33 


“PANTOPAQUE” is the registered trademark under which all leading x-ray 
dealers supply the compound ethyl iodophenylundecylate, which is synthesized by 
the Research Laboratories of Eastman Kodak Company and prepared as the 
myelographic contrast’ medium lophendylate Injection, U.S.P., by Lafayette 
Pharmacal Inc. The trademark serves to indicate to the radiologist continuity of 


experience in the manufacture of this medium. 
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Ansco has literally grown up with radiology . . . playing a vital roll 
in many of the technical advances in the field. 
This Ansco research means finer X-ray products for you—high speed 


films fdr reduced exposure . . . wider latitude films that reduce 


retakes . . . faster fine-grain development . . . finer detail and better tonal 


definition for more accurate diagnosis. 
4a And, for your own personal service, Ansco has at your disposal experienced 


technical consultants. Call them for expert 


help with any problem you may have. 


4 


CHECK YOUR ANSCO X-RAY 


HIGH-SPEED X-RAY FILM: 


Standard (25, 75, 150 sheets) are, 
Monopak (25 in individual 

Bulkpak” 300interleaved and 


we 600 non-interleaved sheets 


oe 
NON-SCREEN X-RAY ANSCO-TAINER : 
FILM Economical film carrying es 
Standard (25 and 75 sheets) ae case—holds up to 150 e 
Monopak (25 sheets in — sheets of film ee 


DURA-SPEED high-speed for i: Routing envelope with 
minimal exposure acetate record sleeve 
DURA-D medium-speed 
for fine detail 


Ansco X: ay Ch zemicals & Film Corporation. 
Now available in 


NEW lightweight 
plastic bottles 


MANUFACTURER OF 
WORLD FAMOUS 
HIGH-SPEED X-RAY FILM 


@ Liquadol” Developer 
and Replenisher (1, 5 
and 20 gallon sizes) 


@ Liquafix®—efficient fixer 


DEVELOPER (1 and 5 gallon sizes) 
(16 02., 1 gallon) poss | X-Ray Products | 
@ Powdered X-Ray Fixer 4 Wes | 


(1, 5, 20, and 50 gallon) 
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\ 
| 
: 


The only one piece, inexpensive, com pletely disposable Barium Enema Bag 
in the market. 


THE WALKER BAG 


(BARIUM ENEMA) 


HANDLE 


2000cc 


NEMA TIP 


1500cc 


2000cc BAG 
WITH GRADUATIONS 


72” TUBING 


PAT. PEND 


Completely disposable « inexpensive e nothing to assemble « Self sealing 
zipper enables technician to keep barium uniformly mixed by kneeding 


the bag e Bag is not open to air contamination. 


[] WALKER INDUSTRIES 


/ Box 984 Evanston, Ill. 


Also available is the Walker T&T’ 72” long tubing with enema tip, completely disposable and inexpensive. 
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SIEMENS 


Three-phase generators are 
particularly effective in 
angio-cardiography where 
sufficient film blackening 
must be assured within 

the shortest possible time. 
The following values were 
obtained with a Siemens 
TRIDOROS 4 unit at 40”, 
high speed screens, criss-cross 
grids, Kodak Royal Blue film: 


WHY 


do three-phase generators permit .-, 
exposures in practically half the time? 


Because 


1. there is a greater dose output than with 
single-phase (4 valve) units due to the 
almost constant potential on the tube. 


2. the x-ray tube is more effectively 
utilized; e.g. a Dynamax 150, at 0.1 sec, 
has a maximum permissible load 

of 54 and 36 kW for three and single- 
phase operation respectively (see curves). 


oe Focal Spot Sie: DYNAMAX 150 60 CYCLE OPERATION 
2 mms 
0 
0 Maximum Exposure Time in sec 
+ 
001 0, 1 0 
Child Thickn. Single-Phase Three-Phase 
kV mAs sec kV mAs sec 
ap 15 cm 90 12,5 0.02 85 8 0006 
lat 18 cm 100 12,5 0.024 95 8 0.007 
Adult 
ap 23 cm 100 12,5 0.024 95 8 0.012 
lat 32 cm 115 12,5 0.027} 110 8 0.013 
YORK 1-NY. 


SIEMENS NEW YORK INC., EMPIRE STATE BLDG., NEW 
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Advanced new Westinghouse control design brings 
significant advantages to the Cobalt 60 Ring. It fea- 
tures a new automatic arc-speed computer requiring 
only arc and time settings. Whisper-quiet rotational 
drive, with exclusive patient contact protection, pre- 
cisely follows control directions. Positive collimation 
turret, versatile ring and table are smartly styled in 
ivory and gold. For more information: Westinghouse 
X-Ray Department, 2519 Wilkens Ave., Baltimore 3, 


Md. You can be sure... if it’s Westinghouse 
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Internal hernia through the foramen of Winslow 


with partial chronic intestinal obstruction 


Radiographs on Kodak Blue Brand Medical X-ray Film; ee 
surgery photographed on Kodak Ektachrome Film Pula 


As the radiologist saw the case... Figure 1: Demonstrates compression of 
lesser curvature of the stomach by fecal matter in the colon. Figure 2: Some barium 
has now entered the portion of the colon which has herniated into the lesser sac. Figure 
3: Demonstrates cecum and ascending colon in the lesser sac and constriction of the 
colon where it passes through the foramen of Winslow. 


FIGURE 2 


The surgery which followed—step by step 
—Figure 4: Demonstrates proximal dilated loop 


of colon disappearing into the foramen of Winslow. 
For further photographs and notes on surgery, 
turn page. 


FIGURE 3 


yea 
| FIGURE 1 
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Internal hernia. Radiographs and first step in surgery 
are shown on preceding page. 


Definitive, completely objective. That is the reason for example, complicated procedures are more 

why photographs play such an important part in readily explained, more easily understood, more 

teaching; why their value is so great as a record memorable. What’s more, the material you show 

and for research. today may be used over and over again. Yet its 
With color slides, motion pictures, or color prints, cost is surprisingly small. 


FIGURE 5 


FIGURE 8 FIGURE 9 FIGURE 10 


Figure 5: Appendix has been withdrawn from the lesser sac. Figure 8: Adherent portion of omentum has been sutured 
Figure 6: Mobile ascending colon now withdrawn from and divided. 

lesser sac. Note ecchymosis in mesentery which was con- Figure 9: Demonstrates extreme mobility of ascending 
stricted at the foramen of Winslow. colon with its long mesentery and constricted area in colon. 
Figure 7: Demonstrates portion of omentum adherent Figure 10: Foramen of Winslow has been narrowed 
in lesser sac. by sutures. 


Look to Kodak for highest quality medical x-ray film—Kodak Blue Brand and Kodak 
Royal Blue, Kodak’s fastest x-ray film. 

Look to Kodak for Kodak color materials for every photographic purpose: Kodachrome 
Film for miniature and motion-picture cameras: Kodak Ektachrome Film and Ektacolor 
Film for sheet-film cameras; and Kodak Ektachrome and Kodacolor Film for roll-film and 
miniature cameras; and for Kodak color print materials. 


Order Kodak x-ray products from your Kodak x-ray dealer, 
Kodak photographic products from your Kodak photographic dealer. 


X-ray Sales Division, EASTMAN KODAK COMPANY, Rochester 4, N.Y. 
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HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


5 COMPARTMENT SIZE—DIVIDERS (4 x $112.70 
3 COMPARTMENT SIZE—DIVIDERS 14 x .........+-. 88.00 
6 COMPARTMENT SIZE FOR MEDICAL RECORDS 


APPROVAL GUARANTEED—F.0.B. FACTORY—CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louls 11, Mo. 


In reply to advertisers please mention 
that you saw their advertisement in THE 
AMERICAN JOURNAL OF ROENTGEN- 
OLOGY, RADIUM THERAPY AND NU- 
CLEAR MEDICINE. 


CHARLES C THOMAS PUBLISHER 


Springfield - Illinois 


Quickly check and adjust fractional second timers 
with new Continental Impulse Recorder. Direct 
writing. No film to develop. Makes “spinning top” 


obsolete. LOW COST _______. Only 74.20 


Continental X-Ray Corporation. 


CONTINENTAL X-RAY CORP. | 
1 1536 Clybourn, Chicago 10, Ill. 


ue | Please send me Imp 
| | Recorders at $15.00 each 


fu 50 Bill me () Send Collect 0 Check enclosed | 
cath got CXC pays postage if check is enclosed | 


| with order. 


| 
NAME 
ADDRESS___ 
city 
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THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 
published quarterly: March, June, September and De- 


cember. It is the official organ of The Canadian 
Association of Radiologists. 


Price $3.50 per annum in Canadian or equivalent funds. 


The Canadian Association of Radiologists, 
Suite 204, 1555 Summerhill Avenue, 
Montreal 25, Quebec, Canada 


Please enter my subscription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 


is enclosed. 


(Please print) 

(Please print) 


XRAY IMPULSE RECORDER 
| 
| 
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Die Supervolttherapie 


Grundlagen, Methoden und Ergebnisse der Therapie mit energiereichen Teilchen 
und ultraharten Strahlen 


Edited by Prof. Dr. J. BECKER, Director of the Czerny-Krankenhaus fiir Strahlenbehandlung, 
University of Heidelberg, and Prof. Dr. G. SCHUBERT, Director of the Clinic of Obstetrics and 
Gynaecology, University of Hamburg 


With contributions of 12 specialists of these two university-departments 


1961. XVI, 584 pp., 42 ill., 1 colour-plate, cloth DM 145.—/$36.25 


A completely new phase in radiotherapy is due to the elaboration of particle accelerators, nuclear 
reactors and to the production of artificial radio-active substances, viz., quantum energies in the 
region of a million electron volts. At the same time the radiotherapist has been given new fields 
of work by the availability of particle irradiation. 


The editors—one a radiologist and the other a gynaecologist—have played an outstanding part 
in the bio-physical explanations as well as in the development and elaboration of “super voltage” 
therapy. They have both been engaged in widely based experimental and clinical work with 
supervoltage apparatus. The results of their varied experience on a large number of cases of all 
types of malignant diseases forms the basis of this, the first detailed report on the fundamentals 
and results of this novel branch of radiation therapy. It is clearly demonstrated that the use of 
supervolt radiation offers considerable advantages and that it represents a genuine step forward 
in the treatment of cancer. There can be little doubt that supervolt therapy will soon become the 
main technique in radiotherapy. 


IXth International Congress of Radiology 


23. VII.—30. VII. 1959 in Miinchen 
Abhandlungen — Transactions — Traités — Actas 


Edited by Prof. Dr. Dr. Dr. B. RAJEWSKY, Frankfurt/M., President of the Congress 


Editorial board: Prof. Dr. J. Becker, Heidelberg, Prof. Dr. R. Glauner, Stuttgart, Prof. Dr. H. 
Langendorff, Freiburg/Br., Prof. Dr. H. Meyer, Marburg/L., Prof. Dr. H. Muth, Homburg /Saar 


Secretary of the Editorial Board: Prof. Dr. F. J. Strnad, Frankfurt /M. 


In two volumes 
1961. LXXVIII, 1625 pp., 1008 illustrations, cloth DM 240.—-/$60.00 
(In co-operation with Verlag Urban & Schwarzenberg. Miinchen-Berlin ) 


This volume covers all lectures held at the congress classified according to sections and topics. 
Each group is preceded in extenso by the lectures given upon invitation. The publication is made 
in the language in which the lecture was given. 

Furthermore the volume comprises the reports of the following committees in the four languages 
of the congress: 

I.C.R.P. International Commission on Radiological Protection. 

1.C.R.U. International Commission on Radiological Units and Measurements. 

I.C.P.R. International Commission for Stage-grouping and for the Presentation of the Results. 


I.C.R.R. International Commission of Rules and Regulations. 


GEORG THIEME VERLAG «+ STUTTGART 
In USA and Canada distributed by: 
INTERCONTINENTAL MEDICAL BOOK CORPORATION 
381 Park Avenue South, New York 16, N.Y. 
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S. KARGER 


BASEL - NEW YORK 


Rules for the preparation of manuscripts for the 31 international 
medical journals of S. Karger AG, Publishers, Basel—New York 
(Albert J. Phiebig, P.O. 352, White Plains, N. Y.) 


1. Presentation 


4. 


Volume 


Publication date 


Reprints 


Please ask for a specimen copy of the journal (unless known to 
you) in which your paper is to be published so as to familiarize 
yourself with the form in which articles are presented. In each 
issue you will find in short the terms of collaboration and the 
address of the editors to whom the manuscript should be sub- 
mitted. 


Against 5 international postal reply vouchers or a fee of US 
$-.50 we shall be pleased to send you our “Rules for the Prepa- 
ration of Manuscripts and Bibliographies with a List of Abbrevia- 
tions of Titles of Current Medical Periodicals” giving you all 
the necessary particulars. We are, of course, at your disposal, 
should you have any special queries to discuss. 


For all of our journals we accept original papers only which 
should not exceed 12 printed pages, including illustrations and 
tables. 


Receipt of a manuscript will be confirmed either by the Edito- 
rial Board, or by the Publishers. At present we count with a 
time lapse of about 4 months between receipt of a manuscript 
and its publication in one of the issues of our journals. 


Authors will receive 50 reprints of their paper free of charge. 
Additional reprints can be ordered against payment. 


On the following two pages you will find the 1962 publication plan for all the in- 
ternational Karger journals. 


Please enter my subscription to: 


Order Form 


S. Karger AG, Arnold-Bocklin-Strasse 25, Basel, Switzerland 


Name: 


Please send me: 


Please place your order with: 


Albert J. Phiebig, P.O. 352, White Plains, N.Y. 
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KARGER 


BASEL - NEW YORK 


International Medical Journals 


All prices per volume, postage included 


| 


*2 


*3 


*4 


%5 


*8 


*10 


*11 


12 


Acta Anatomica (Int. Archives of Anatomy, Histology, Embry- 
ology and Cytology) 


1962 


Volumes 


48-51 


Acta Genetica et Statistica Medica 


Acta Haematologica (Int. Journal of Haematology) 


Acta Psychotherapeutica et Psychosomatica (Int. Journal of 
Psychotherapy and Psychosomatics) 


Annales Paediatrici (Int. Review of Pediatrics) 


Biologia Neonatorum (Neo-Natal Studies) 


Cardiologia (Int. Archives of Cardiology ) 


Chemotherapia (Int. Journal of Pharmacology, Toxicology, 
Clinic and Therapy) 


Confinia Neurologica (Borderland of Neurology) 


Confinia Psychiatrica (Borderland of Pye hiatry) 


Dermatologica (Int. Journal of Devwutoleey) 


Enzymologia biologica et clinica (Int. Journal for biological and 
medical Enzymology) 


Folia Phoniatrica (Int. Journal of Phoniatrics) 


Gastroenterologia (Int. Review of Gastroenterology) 


Gerontologia (Journal of Experimental Biological and Medical 
Research on Ageing) 


Gerontologia Clinica (Int. Journal of Geriatric s) 


Gynaecologia (Int. Monthly Review of Obstetric: s nd Gynecol: 
ogy) 


International Archives of Allergy and Applied Immunology 


Medicina Experimentalis | Int. Journal of E xperimental Medicine) 

Medicina Thoracalis (Schweizerische Zeitschrift fiir Tu berkulose 
und Pneumonologie—Revue Suisse de la Tuberculose et de la 
Pneumonologie—Rivista Svizzera della Tubercolosi e della 
Pneumonologia) 


Nutritio et Dieta (European Revi iew val Nuteltien Dicsetice s) 


Oncologia (Journal of Cancer Researc h, Prevention, Treatment 
and Sociological Aspec t) 


Ophthalmologica (Int. Journal of Ophthalmology) 


Pathologia et Microbiologia (Sues Journal ‘of General Pathol- 
ogy and Bacteriology ) 


Phonetica (Int. Journal of Phonetics) 


Practica Oto-Rhino-Laryngologica (Int. Revi iew of Otolary nel 
ogy) 


Psychiatria et Neurologia (Int. “Monthly Revi iew of Psychiatry 
and Neurology) 


198-199 


14 


97-98 


6 


143-144 
25 
8 
24 


143 144 


10.30 


13.50 


13.50 


quency 


m 


uss | ree. 
12 13.50 | q 
27-28 | 13.50] m 
“a & | 
4 13.50 b 
40-41 13.50 m 
4-5 13.50 m | 
22 15.50 b 
5 20 q 
124-125 13.50 m | 
| 
153-154 | 13.50] m 
20-21 13.50 m | 
6-7 13.50 m | 
19 13.50] b 
d 15 13.50 q 
13.50 m 
= 27.00 | b 
13.50 q 
| 
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list of Karger-journals continued 


*13 Radiologia Clinica (Int. Radiological Review) 


31 


15.50 


b 


Schweiz. Zeitschrift fiir Tuberkulose und Pneumonologie 


see: Medic 


ina Thoracalis 


Urologia Internationalis 13-14 13.50 | m 
*14 Vita Humana (Int. Journal of Human Development) . | 10.30] q 
Vox Sanguinis (Journal of Blood Transfusion and Immunohaem- 7 16.— 


atology) 


* For supplements to these journals see below. 
Complete sets and single back volumes available. Offers upon request. 
m=monthly, b=bimonthly, q =quarterly. 


Ask for specimen copies 


Supplements to our Journals supplied to 
subscribers at special rates 


@ New Please order each series separately. 
Invoices will be forwarded with each volume upon publication 
Appr. frequency | Appr. price 
Special folders of each series available of annual per volume 
publication 

Bibliotheca Anatomica 2 vols. US$ 9.00 
Bibliotheca Haematologica vol. | 10.00 
43. Bibliotheca Paediatrica 3vols. | “ 6.00 
Modern Problems in Pediatrics 1 vol “ 15.00 

4 Bibliotheca Cardiologica 1 vol. *. O. 

Advances in Cardiology 1 vol. “9.00 

5 Bibliotheca Gastroenterologica 3 vols. “7.00 

: 6 Bibliotheca Gynaecologica 3 vols. “6.00 
Advances in Gynecology 3 vols. “6.00 

7 Bibliotheca Tuberculosea 1 vol. “ 9.00 

Advances in Tuberculosis Research 1 vol. “ 9.00 
"Bibliotheca “Nutritio et Dieta” | 2vols. | “ 7.00 
Modern Problems of Nutrition 1 vol. 8.00 

Bibliotheca Ophthalmologica 6.00 
Advances in Ophthalmology | 1 vol. * 

Modern Problems in Ophthalmology 1 vol. « 9.00 
10 Bibliotheca Microbiologica 1 vol. . 7.00 

11 Bibliotheca Oto-Rhino-Laryngologica 1 vol “9.00 
Advances in Oto-Rhino-Laryngology 1 vol 

a 12 Bibliotheca Psychiatrica et Neurologica 3vols. | “ 6.00 

13 Bibliotheca Radiologica 1 vol. | “6.00 
14 Bibliotheca “Vita Humana” =| “ 7.00 


BASEL 11 (Switzerland) 


S. KARGER 


Place your order either with us direct or with your local agent 


or with Albert J. Phiebig, P.O. 352, White Plains, N.Y. 


NEW YORK 


| 


xlv 


- 
| 2 
3 
| 
ate 
‘ 
| 
F 
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Ansco (A Division of the General Aniline & Film Corp.) ............ XXXiV, XXXV 
Canadian Association Of xli 
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By Giovanni Di Chiro, Neuro- 
radiologist of the National Institute 
of Neurological Diseases and Blind- 
ness. 


For use in everyday diagnostic 
work—a detailed roentgenographic 
demonstration “in vivo” of intra- 
cranial structures. A_ three-dimen- 
sional concept of various anatomic 
formations is attained by their dem- 
onstration in lateral sagittal 
roentgenograms. Lateral and coronal 
laminagrams, including laminagrams 
of the cerebrospinal fluid cavities of 
the posterior fossa, are illustrated. 


TWO NEW TECHNIQUES are intro- 


duced—fractional encephalography 


with laminagraphy and axial trans- 
verse encephalography. Emphasis is 
placed on demonstration of structures 
with less well-known pneumoen- 
cephalographic appearance. Some 
structures are demonstrated roentgen- 
ographically “in vivo” for the first 
time. 

About 300 reproductions of the same 
size as the original encephalograms 


and an almost equal number of ex- 
planatory sketches are included. 


Publication date August 1961 
$19.00 


352 pp. (8% x 11) 
515 il. (4 in full color) 


CHARLES C THOMAS « PUBLISHER 


301-327 East 
Lawrenee Avenue 


SPRINGFIELD ¢ ILLINOIS 
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Retrograde pyelography 
“without serious reactions”’”' 


“RETROGRAFIN’® AND “RENOGRAFIN’® ARE SQUIBB TRADEMA: 


References: (1) Brimberg, J.; Berlowitz, H. D.; Schwinger, H. N.; 
Renner, M. J.; Lopyan, M.; and Beilouny, R.: New York State J. 
Med. 59:2186 (June 1) 1959. (2) Roth, R. B.; Kaminsky, A. F.; and 
Hess, E.: J. Urol. 74:563 (Oct.) 1955. (3) Bloom, J., and Richard- 
son, J. F.: J. Urol. 81:332 (Feb.) 1959. (4) Samellas, W.; Biel, L., 
Jr.; and Draper, J. W.: New York State J. Med. 59:2570 July 1) 1959. 


xIviil 


Unlike other retrograde contrast 
media, which produce a high 
reaction rate (25-35%),! side 
effects are negligible with 
Retrografin—a unique agent that 
combines Renografin with neo- 
mycin, bactericidal agent of 
choice for addition to urographic 
media.’ Efficacy and virtual ab- 
sence of side effects have been 
amply confirmed in three 
reports covering a total of 340 


Clinicians are impressed by the 
diagnostic quality of films taken 
after Retrografin; well-defined 
radiographs, uniformly excellent 
in detail, have been consistently 
obtained.'* Retrografin permits 
retrograde pyelography in pa- 
tients with a known or suspected 
active urinary infection. More- 
over, with Retrografin, new in- 
fection or spread of established 
infection does not occur."** 


Squibb Diatrizoate Methylglucamine 
Injection U.S.P. with Neomycin Sulfate U.S.P. 


Supply: Retrografin is supplied in 25 cc. and 50 cc. vials containing Renografin 30% with 2%% Neo- 
mycin as the sulfate. Also available: Renografin-30 in vials of 50 cc. 


For full information, see your Scwob Product Reference. 


Squibb Quality— 
the Priceless Ingredient 


6QUIBB DIVISION Olin NT. 
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ENGINEERIN G the of things to come 


15 years’ experience gained by High Voltage Engineering in 
designing and installing more than thirty super- -voltage x-ray 
generators in the field, is resulting in the development of im- 
portant new machines tailored to meet the varying needs of the - : 
| radiotherapist and research physicist. 


* 6-MEV Medical Linac Model * A new concept in Megavoit 
Lm-6 Therapy and Medical 
An Important Advance Research ? 
in Radiation Therapy 4 to 45 Mev Linac from ARCO Pe eek 
° 
300 r/min x-ray output at 100 cm + Push- B60" 
button energy selection — 2 to 6 Mev. + Offering clinical precision for routine therapy, Edel og 
Automatic dose control + Focal spot less with powerful electron and x-ray outputs for: ‘a 


than 3 mm diameter + Electron output for 
sterilization and research + Retractable x- 
ray target for electron beam sterilization 
and research programs 


* Biophysical Research + X-ray and Electron 
Therapy Research + Massive Dose Studies 
* Whole Body Irradiations « Sterilization of 
Instruments * Bone and Tissue Sterilization 


For Elizabeth Steele Magee Hospital, Pittsburgh . . Techniques 


For University Hospital, 
New York University Medical Center . . . 


For Shannon West-Texas Memorial Hospital, San Angelo... 


' | , Reliability from experience with more than 250 particle accelerators in the field | 
. HIGH VOLTAGE ENGINEERING 

i BURLINGTON, MASSACHUSETTS, U.S.A. 

). APPLIED RADIATION CORPORATION 

d HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 
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from all ofus PICKER 


